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U-937 vector Fuc-Tlll Fuc-TiV Fuc TVI Poc TVIt 



Ftr.;«. Adhesion of stably transfected Namalwa KJM-l cells to 
soluble E-selectin*coated plates. Namnlwa KJM-1 cells were iiabU 
transfected with pAMo-FT.3. pA.Mo-FT4. pAMo-FTB. or pAMo-FTT 
which dircct-s <f.\pre:Jsioa of Fuc-TIIL Fuc-TTV. Fuc-T\l. or Fuc-T\H. 
respectively, or with the empty vector pAMo. These transfected cellj 
ind Lr-9aT celLs 'for a positive controh were subjected to adhesion as- 
says as described under ^Experimental Procedures." Prior to adhesinn 
assays. ihose cells were incubated with anii-sLe* mAb K.M93 or anti- 
G^.j mAb t©fI696 tas an isotype-matched omtmli or with noantibodv for 
30 mm at 4 C- Error hars represent ISO. 

quence aligrnment and chromosomal localization. Comparison 
of the amino acid sequences of five nl.3-Fuc-Ts revealed that 
the Fuc-TVlI sequence had 42-43r; and 47'^; identity with 
those of the former and latter classes of al,3-Fuc-Ts, respec- 
lively. PGR analysis using DiN'As from hamster-human somatic 
cell hybrids has shown that the Fuc-TVII gene is located on 
human chromosome 9. These results indicate that Fuc-TVII is 
divergent from either class of al.3-Fuc Ts. In addiuon. these 
results also deny the identity of Fuc-TVII to either of the sLe*- 
synthesizing tfl.3-Fuc-T activities detected^in some of the hu- 
man-mouse leukemic cell hybrids •WEGUI-16. -IS. and -20 > 
«50) because all of the hybnds lack human/g^imosome 9. 

It is of considerable importance to assigjK"'uc-TVlI to the 
different aI.3-Fuc-T activities described tojjtte. Fuc-TVII was 
shown to fucosylate only a type II acceptorVith terminal u2,3- 
linked sialic acid among different types of oligosaccharides. 
This specificity of Fuc-TVII contrasts with those of the other 
cloned al,3-Fuc-Ts. Each of the Fuc-T activities characterized 
biochemically to dace may derive from multiple distinct mol- 
ecules. Furthermore, the presence of yet unknown Fuc-Ts can- 
not be excluded. Therefore. Fuc-TVII can be readily assigned to 
neither of those. Our PGR analyses revet^d that both Fuc-TIV 
and Fuc-TVII were significantly e.xpressll in PMN. monocytes, 
and their cell lines that have been demonstrated to contain 
al.3-Fuc-T activities for both sialylated and nonsialylated type 
II acceptors 1. 50-53 >. Assuming that these activities would arise 
from a composite of Fuc-TIV and Fuc-TVII. Fuc-TVII may be 
identical to Fuc-T activity detected in these cells. 

As demonstrated here, the competitive PGR method offers a 
sensitive quantitation of specific transcripts across a wide 
range of amounts. Assuming that variations in conversion of 
mRNA into cDNA woul^<|j^ery small among different mRNA 
species, normalization wV^ the level of a housekeeping gene 
such as ^-actin should all^ precise comparisons of transcrip- 
tion levels. When using re verse- transcribed cDN'As. either dif- 
ferent transcriptional initiations or alternative splicing events 
may obstruct the precise quantitation. With respect to the a 1,3- 
Fuc-T genes tested, such initiations and events should be pre- 
cluded because no intron has been identified in the regions 
surrounded by the respective sets of PGR primers' '20, 22-25;. 
In some cases, contamination of chromosomal DNA may cause 
troubles against quantitation of target cDN As. Taking into con- 
sideration that all of the RNA samples analyzed in this study 
were prepared by the same procedure, and judging from the 



results m Table III. the U-vrls ..f t.uwi ^renos ro.<ultiii- Inim 
contaminatt'il chrniiui.suiiKtl DiVA sliouKi be btlou iMM'; rela- 
tive to iht.' level nf^J-uctin mUN'A. 

As menti(in<rd above, a numh»M ..f cnnfiiciiui: rc.^uU.- have 
been reported cm the participation ot Fuc-TIV in the synthesis 
of the sU * determinants »2l-2:>. 19. M)k As .-ihoivn liere. the 
expre::sion of Fuc-TIV in Namahva ICJM-l cells increased the 
level of antigens rectignixetl by anti-.^Le^ mAb TSLEX l. albeit 
not by the other two anti-sLe^ mAb.<. Furthermtire. the cells 
transfected with the Fuc-TIV f^ene exhibited virtually no bind- 
ing to .soluble E-selectin in .spite .»f ic.-^ ertlcicnt e.^pression. A 
possible e.xplanation for the.^e di.-^crepant i*esuUs is that the 
CSLEX-l-reactivc antigen wbo.-e love! was increased bv Fuc- 
TIV e.\-pression may not he the sLe* determinant. Another ex- 
planation may be a dilTereuce in the Fuc-TIV mRNA level as 
discu.ssed previously .22. 2:]i and is apparently consistent with 
a slight increase in the sLe^ level by the enforced e.xprvssion of 
Fuc-TIV in Namalwa KJM-l cells. We have discussed previ- 
ously that an tf2,3-sialyltransfernse ST-4 directs de nmo syn- 
thesis of the sLe' determinant in rir«>. Our further analv.<;is of 
the in vitro enzymatic properties of ST-4 has revealed that ST-4 
sialylates in vitro the nonreducing termini of Le^-related oligo- 
saccharides such as Li>fFP.IIL alth»)u<ih much les.s etTicien^ly 
than nonfuco.sylatcd type II accept. irs. to yield the sLe* deter- 
minants.' With this observation in consideration, the Fuc-TIV- 
mediated sLe' formation may result from subterniinal fucosv- 
lation of type II chains by Fuc-TIV followed by their terminal 
sialylation with ST-4. Therefore, to resolve the.se conllicts re- 
ported, it will be required to analyze the e.xpres.^ion levels of 
other glycosyltransferases includini; ST-4 in the cell lines of 
concern. 

Alternatively, differences in the amj)unts of precursors of the 
selectin carbohydrate ligands or .specific scaffold proteins lor 
glycolipidsi carrying those ligands .should be taken into consid- 
eration. Expression of either Fuc-T\*I or Fuc-T\TI remarkablv 
increased the levels of the sLe" determinants. However, subr 
stantial distinctions in the E-selectin binding and M. amuren- 
sis lectin I binding capacities of Fuc-TVl and Fuc-TVII have 
been observed after their transfection into Namalwa KJM-I 
cells, suggesting the e.xistence of significant differences be- 
tween these Fuc-Ts in the in vivu acceptor specificities for oli- 
gosaccharides and/or in the expression levels of scaffolds pre- 
senting the selectin ligands. In this context, it will be of special 
interest that a ligand for P-selectin has been demonstrated to 
be a specific glycoprotein carrying a small fraction of the total 
sLe* sequences on neutrophil membranes i54) and has been 
cloned very recently (55). In addition, a ligand on myeloid cells 
which binds with high affinity to E-selectin has been reported 
to be a 150-kDa glycoprotein (56i. Taking these observations 
into account, the difference in the E-selectin binding capacity of 
the Fuc-TVI- and Fuc-TVII -transfected cells obser\ed here may 
derive from that in the levels of such scaffold proteins and/or 
specific sLe" structures. 

In conclusion, this study has provided a number of informa- 
tive results on the a l.3-Fuc-Ts participating in the biosynthesis 
of the sLe' determinants. The in vico ability of Fuc-TVII to 
synthesize the sLe' epitopes that bind to E-.selectin; together 
with the restricted expression of Fuc-TVII in leukocytes, sug- 
gest that among five cloned aI,3-Fuc-T5. Fuc-TVII is the most 
promising candidate involved in the biosynthesis of the selectin 
hgands: further studies using gene disruption and/or antisense 
technology will be necessary to obtain more definitive evidence 
for the identification of Fuc-T's/ participating in that biosvn- 
thesis. 



' K. .Sa.^aki. V Amano. and T. .Vi.shi, unpublished observations. 
BNSDOCID: <XP 2084656A I > 
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Acci'pttu- suhstrate sfnyrifictty *»t' t'nv l'Vtl 



NeuAca2-3Gaiiil-4GlcNAcHl-3Galt>l-'iGlc 
GaI/3l-4GLcSAcpl-3Calt>l-4Glc 
NeuAca2-3Gal^l-3GlcNAc/Jl-3Gal^il-4Glc 
Gal^l-3GlcNAc;il-3GalJil-4Glc 
Fucul-2GaltJl-3GlcSAc;il-3Gaiai-4Glc 
NeuAcn2-3Gal0l-3GlcSAc/3l-3Gal;51-4Glc 
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Fic, 4. Competitive PCR analysis of Fuc-TVn traoscripu in 
various cells. Single-stranded cDSAs reverse-transcribed from total 
RNA of a variety of cells labeled on the top or standard Fuc-TVII cDNAs 
(10. 100. 500. and 1.000 fg) were mixed with 100 fg of the competitor 
cDNAt truncated Fuc-TVTI cDNA) and subjected to 2S cycles of PCR as 
described under 'Experimental Procedures." The amplified products 
were separated by electrophoresis in a 1.8% agarose gel and visualized 
by staining with ethidium bromide. Size markers, from top: 4.3. l.d, 1.1. 
0.68. 0.38. 0.25. and 0.12 kb. 

T.^BLC III 

Quantitation of a I, J'Fue-T transcripts in a variety of celU by 
competitive PCR analyses 
Expression levels of live al.3-Fuc-Ts in a variety of the cells listed 
were e.Tamined as described under "Experimental Procedures.* The 
levels in PMN. monocytes, and lymphocytes are expressed as the aver- 
ages of data derived from three independent RNA preparations from 
two healthy adult donors. 
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Expression levels of al.3-Fuc-Ts 
relative to the level of 3-actin 
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Fue-TTV 


Fuc-TV 


Foe-TVI 


FucTVlI 


HL-60 


<0.0l 


1.3 


<0.0l 


0.02 


0.32 


U-937 


<0.01 


0.48 


<0.01 


<001 


0.59 


THP-l 


<0.0l 


0.23 


<0.0l 


<0.01 


020 


Jurkat 


<0.0l 


<0.0l 


0.01 


0.01 


<0.0l 


Namalwa KJM-1 


<0.01 


<0.01 


cO.OI 


0.03 


<0.0l 


PMN 


<00l 


0.04 


<0.0i 


<0.01 


0.77 


Monocytes 


<0.01 


0.16 


<0.0l 


<0.0l 


0.06 


Lvmphocytes 


<0.01 


0.12 


<0.0l 


<0.01 


0.08 


WM266~* 


<0.01 


0.04 


<0.01 


<0.01 


<0.0l 


Colo205 


2.0 


0.20 


0.0 1 


l.l 


<0.0l 


SWU16 


1.7 


0.56 


<0.01 


0.04 


<0.0l 


LSldO 


2,4 


0.31 


<0.01 


0.75 


0.03 



encoding other mammalian glycosykransferases. In a previous 
study US), we have described the expression cloning of an 
a2,3-sialyltransferase ST-4 that directs de novo expression of 
the sLe' determinant, using lectin resistance selection. In our 
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vector Fuc-Tm Fuc-TIV Fuc-TVI Fuc-TVIf 

Fig. 3. ,F1ow cytometry histograms of Namalwa KJM-1 celL 
stably transfected with al.3-Fuc*T expression plasmids. Nama 
Iwa KJM-llfells were stably transfected with plasmid pAMo-FT3 
pAMo-FT4. pAMo-FT6. or pAMo-FT7. which directs expre^tsion of Fuc 
Till. Fuc-TIV.Vuc-TNa. or Fuc-TVII. respectively, or with the empt> 
vector pAMo. These cells were stained with the mAbs listed in the tnst< 
and subjected to tlow cytometr>* analysis as described under "Experi 
mental Procedures." The data presented here are the mean fluorcscenci 
intensities of the entire population of these transfected cells. The meat 
fluorescence intensities were obtained by subtracting those of re 
sponding cells stained with normal BALB/c mouse serum. 

initial efforts to clone novel Fuc-T^s) involved in the biosynthe 
sis of the sLe' determinants, we applied the cloning approach 
with A/, timurensis lectin I resistance, which selected a Fuc-TVI 
clone. Our analysis with FACS showed that the great majority 
of Namalwa KJM-1 cells lost the iVf. amurensis lectin I binding 
capacity by Fuc-TVI expression, whereas that capacity war 
unchanged by Fuc-TVII expression.^ This explains the inabilit} 
to enrich Namalwa KJM-l cells expressing Fuc-TVII with Ai 
amurensis lectin I resistance and suggests the presence of ? 
differencets) in the in vivo acceptor specificity between Fuc 
TVII and Fuc-TVI. Although the binding specificity ofM. amu 
rensis lectin I has not been reported, *Vf. amurensis lectin I i! 
likely specific to galactosyl residues, especially the Gal01- 
3ClcNAc structure.* This specificity of .V/. amurensis lectin I 
however, does not simply account for the selection of a Fuc-TV 
clone. Further analyses are currently under way to determin* 
the reason for the acquisition of the .Vf. amurenj^is lectin 
resistance phenotype. 

.\s pointed out by Weston et al. '25>, four cloned ttl,3-Fuc-T. 
can be divided into two classes: chromosome l9-localized a 1.3 
fucosyltransfernses (Fuc-TIII. Fuc -TV, and Fuc-TVI) and chro 
mosome ll-localized Fuc-TIV. based on the results of their se 

' K. Sasaki and T. Nishi. unpublished observation.'!. 
* Information from Vector Research Laboracories. 
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TTCTOACCTCCCT»7rCt^ACCCTGGC0CSC.lCCC:ACCAOACCACG0 



'CSC 



•44C 



*CS*. '^5:A*ACCACCAC5CATCCCGCCCrrACC3CCAACCACCSGGCTAAC3CSA0CCT'3GCCACAGACGT':AOGAAC^^ - - 

•;C1 GACT5CSACCOACGTAACCCSTCCCTCCT3CSGCAGACG -jv 

■ )ii GCACGGCcrrrc 

t4<r tCACCTcrATA^rr 

' :actc 

Fti;. Nucleotide and deduced amino acid sequences of cDNA insert in pAM<>-FT7.The putauve tmn^menibrane domain i:> fuiv^d Ta.i 
./ocential iV-glycosylation sites are indicated by closed ctrcU^i. A possible polyadenylati«)n iijjnal us underlitwd. 



F..c.ri|| MaijiiMWBM..I|TBM.fM t|J^ || |tMI|.m 36, „ 

« • • « 

• • • * 

F»c.T\l ■l«-IIMWIi»'Bli '»-jg™lMll 'I MllWli™ 3S9JJ 

Fic. 3. Schematic comparison* of the primary structures of the 
five cloned human al,3-Fuc-Ts. Amino acid sequence identities were 
determined by comparison of the Fuc-TVII sequence with the other 
sequences. The residues differing from the Fuc-TMI template and the 
inserted residues relative to that template are indicated by nolid and 
dashed vertical bars, respectively. Closed triangle^fdenote the lack of 
the correspondin^f residues s) relative to the Fuc-TVII sequence. Puta- 
tive transmembrane domains, potential ;V-glycosylation sites, and cys- 
teine residues are indicated by shaded thick bars, stick figures, and bars 
with a closed circle, respectively. The sizes of the predicted polypeptides 
are shown approximately to scale. 

»een published about the capability of Fuc-TIV to synthesize 
the sLe* determinants in leukocyte-derived hosts, it will be of 
importance to analyze such capability in NamaJwa KJM-l 
cells. As controls, we attempted to perform such analyses on 
Fuc-TIH and Fuc-TVT expressed abundantly in the colon ad- 
enocarcinoma cell lines. In addition, it will be of considerable 
interest to confirm that Fuc-TVII exhibits the restricted accep- 
tor specificity in vivo. To address these issues. Namalwa KJM-I 
cells transfected with pAMo-FT3, pAMo-FT4. pAMo-FTS. 
pAMo-FT7. or their parental vector pAMo were examined for 
changes in surface expression of the sLe*. Le*. sLe^ and Le* 
antigens by flow cytometric analyses using their respective 
mAbs. None of these plasmids changed the level of Le^ antigen 
by their transfection. As shown in Fig. 5, Fuc-TVII expression 
increased all of the levels of sLe* epitopes recognized by antt- 
sLe* mAbs CSLEX-l. KM93. and FH6, whereas neither the Le* 
nor the sLe^ level was changed significantly by Fuc-TVII ex- 
pression, reflecting the in vitro acceptor specificity of Fuc-TVII, 
Fuc-TIV e.xpression elevated the level of the sLe* epitope rec- 
ognized by only CSLEX-l among three anti-sLe* mAbs tested 
'Fig- 5». consistent with the result of Fuc-TIV expression in 



CHO cells reported by Meier a/. j49». Changes in the levels of 
these epitopes by Fuc-TIII expression were quite similar to 
those caused by Fuc-TVII expression »Fig. 5». It should be of 
note that Fuc-TIII expression was incapable of increasing the 
level of either Le\ Le^ or sLe' antigens in Namalwa KJ>I-1 
cells in contrast to their increased appearance in Fuc-TIII- 
transfected CHO and COS cells » 20. 22. 24. 25 ». As presented in 
Fig. 5. Fuc-TVI expression increased the levels of sLe' and Le' 
epitopes but not the sLe* level. 

Namalwa KJM-l Cells Expressing Fuc TVIl Bind to 
E'Selectin^To determine whether Fuc-TVII and/or Fuc-TIV 
mediates the formation of the sLe* determinant functioning in 
E-selectin binding, Namalwa KJM-l cells transfected with 
pAMo-FT7 or pAMo-FT4 were tested for their ability to bind to 
soluble E-selectin immobilized on 96-well microtiter plates. As 
controls, the cells transfected with pAMo, pAMo-FT3, or pAMo- 
FT6 were also examined. U-937 cells adhered in a dose-depend- 
enc manner to soluble E-selectin until a plateau was reached at 
-0.2 jig/well (data not shown). The results of adhesion assays 
using a fixed amount <0.2 pg/welU of soluble E-selectin are 
shown in Fig. 6. Fuc-TVII transfectants were found to bind to 
soluble E-selectin, although the binding capacity of the Fuc- 
TVII transfectants was tower than those of the Fuc-TIII and 
Fuc-TVI transfectants and U-937 cells. By contrast, the Fuc- 
TIV transfectants exhibited virtually no binding to soluble E- 
selectin i.Fig. 6). Their adhesion, except for that of Fuc-TIV 
transfectants. was inhibited completely by anti-sLe" mAb 
KM93 but not with a control mAb KM696 fFig. 6). These re- 
sults, together with those of the expression patterns of five 
al,3-Fuc-T3, suggest that Fuc-TVII may be involved in the 
biosynthesis of the selectin ligands in leukocytes. 

DISCUSSION 

In this study, we have enriched stable transfectants highly 
expressing the sLe' antigens with FACS to identify a novel 
ttl,3-Fuc-T < Fuc-TVII) that may participate in the biosynthesis 
of the selectin carbohydrate ligands. This is the first demon- 
stration of expression cloning of glycosyltransferase cDNA with 
FACS. Furthermore, as described under "Experimental Proce- 
dures," this cloning approach allowed us to isolate a Fuc-TIII 
clone and will be therefore useful for the isolation of cONAs 
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Ruorescence 
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Fluorescence 

Fic. I. Expression cloning of Fuc-TVII by FACS. Pnnel a, Xuma- 
Iwa KJM-l cells 5wbly trans fectedivuh the THP-1 cDNA libran wen* 
itained with the anti-sLe' mAb KMSrJ and were subjected to three 
rounds of sorting with FACS. The cells with fluorescence intensities 
indicated by the bars were cullected and subjected to the subsequent 
sorting. Panel b. flow cytometric analysis of the cells transfected with 
pA-Mo-t 1 1 t uppirr panel t or ihe empty vector pAMo • tower panel » afler 
staining with mAb KM93 tbo/d iinexi or normal BAL&'c mouse serum 
• M//I Unest >. 

leukocytes. In parallel with this approach, we sought to amplifv 
such Fuc-T sequences by the PGR cloning approach using de- 
generated primers based on two consensus sequences <YKFY- 
LAFEN and FIHVDDF) conserved among Fuc-TIII. Fuc-TIV. 
and Fuc TV <20. 22. 24) but failed to identify such novel se- 
quences. Assuming that such novel Fuc-T<s» would increase the 
level of sLe' antigens in hosts of leukocyte origin, we therefore 
chose a cloning strategy to enrich the clones stained brightly 
with anti-sLe* mAbs by use of a fluorescence-activated cell 
sorter 'FACS). Namalwa KJM-l cells were transfected stably 
with the THP-l cDNA library and subjected to sorting on a 
FACS with anti-sLe" mAb KM93. Two rounds of sorting split 
the cell population into two types of cells which expressed high 
and low levels of the sLe" antigens *Fig. lat. After the third 
sorting, the great majority of the cell population was shown to 
be enriched for high sLe" expression ' Fig. la. the bottom panel). 
Individual plasmids were rescued from the clones sorted 
thirdly and then examined for their ability to increase the level 
of the sLe' antigens on Namalwa KJM-l cells, which identified 
a plasmid pAMo-FT7 directing de novo expression of the sLe' 
antigens 1 Fig. 16 >. 

cONA Sequence Predicts a Protein with Homology to aL3- 
Fuc-rs— DNA sequencing analysis revealed that the cDNA in- 
sert in pAiMo-FTT 1 - 1.7 kb long) contained a single long open 
reading frame encoding a protein of 342 amino acids with an 
of 39.244 < Fig. 2). The initiation codon was determined based on 
the rules of Kozak for mammalian translation initiation i43). 
The deduced primary sequence predicts that this protein has a 
type II transmembrane topology, as has been found for all other 
glycosyltransferases cloned to date. Comparison of this pri- 
mary sequence with other amino acid sequences in DNA and 
protein data banks revealed strong similarities to the se- 
quences of four «1.3-Fuc-Ts cloned to date <Fig. 3). This se- 
quence has 42-43'> sequence identity with either the Fuc-TIII. 
Fuc-TV. or Fuc-TVl sequence and 479c identity with the Fuc- 
TIV sequence (Fig. 3k suggesting that this protein belongs to 
the al.3-Fuc-T family. Furthermore, to determine the chromo- 
somal location of this gene. PGR analysis was performed using 
a series of DNAs from hamster-human somatic cell hybrids. 
The predicted fragment of 218 bp was amplified only when 
genomic DNAs from the hybrids containing human chromo- 
some 9 were used, indicating that this gene is located on chro- 
mosome 9. 

Cloned cDNA EncfKles an u/.J-Fuc-T—To prove that this 



protein < Fuc-TVII . omiains a Fuc-T activity. vv>. expressed and 
purified that putative catalytic domain amino .icid.s 39-340, ,s 
n protein A tXisUm protein, hut wo Tailed to detect anv sijjnili- 
cnnt Fuc-T uetivity with thi.< fusion. By ointrast. the protein 
A-Fuc-TVI fusion vv.,.< fouiui to eshiUu Cfmsiderable activitv 
Ulata not showiu. alth.uitrh the re;t>on for this di.<cropancv re- 
mained unsolved. Aliimnient .>f the .-etiuence of Fuc-TVlI with 
that of Fuc-T\ I revealed that Fuc TM had an insertion of 1.5 
ammo acid.s downstream of the transmembrane region relative 
to Fuc-TVII. 8a.sed on the result, plasmid pAMoA-FTT encod- 
ing another protein A-Fuc-TM I fu<i.)n -de.si^ated .A6FT7> wa.s 
constructed by inserting thts peptide of Fuc-TVl between the 
protein A p<irtiim and the COOH-terminal portion < amino acids 
39-342) of Fuc-TV[l and was expressed in Namalwa KJM-l 
cells. When a2.3-sialyl LXnT was used as an acceptor, a sig. 
nificant amount of l,3-Fuc-T activity Iwund to IgG-Sepharose 
was detected in the medium of Namalwa KJM-l cells trans- 
fected with pAMoA-FTT. whereas no activitv was detected f*^*- 
either LNnT LNT, LNFP-I. LNFP-V. a2.3-sialvl LNT. or ai 
sialyl LNFP-V iTable Hi. Moreover, in the medium of the cells 
transfected with the protein A fusion vector pAMoA US) or 
plasmid pAMo-FTT. no activity bound to IgG-Sepharoae was 
detected for either of these acceptors. These results indicate 
that the protein A6FT7 fucosylates specifically a type II oligo- 
saccharide with terminal a2.3.linked sialic acid. In addition, 
the analyses for identification and confirmation of the reaction 
products revealed that the protein A6FT7 attached fucose in 
al.3-linkage to the iV-acetylglucosamine residue of sialyl LNnT 
to form the sLe' determinant. Taken together, the cloned cDNA 
was demonstrated to encode an ol.3-Fuc-T that had more re- 
.-itricted acceptor requirements than the other four tc 1,3-Fuc-Ts 
< 20-26). 

Determination of Expression Leiels of Fiue Cloned al.J-Fu- 
cosyltransferasex in a Variety o/'CWif— The sLe' detenninanU 
on PMN and monocytes were demonstrated to serve as ligands 
for selectins on vascular endothelial cells and platelets. In ad- 
dition, those determinants were suggested to contribute to the 
metastatic behavior of carcinoma cells. However, it is unclear 
which al.3-Fuc-Tfsl are involved in each biological process. To 
address this question, we sought to examine their expression 
levels in a variety of cells by quantitative PCR analyses usir 
the respective sets of primers listed in Table L A typical result 
of such analysis for Fuc-TVII mRNA is shown in Fig. 4. Data of 
the expression levels of five a 1.3- Fuc-Ts were compiled and are 
summarized in Table III. Both Fuc-TIV and Fuc-TVII genes 
were significantly expressed in PMN. monocytes, and their im- 
mortalized cell lines fHL-60. U-937. and THP-1 1. which were 
shown to present the selectin ligands constitutivety. In addi- 
tion, the Fuc-TIV gene was expressed considerably in a variety 
of cells, whereas the expression of Fuc-TVII was restricted in 
leukocytes, especially in PMN 'Table III». Such further analy- 
ses were performed with human umbilical vein endothelial 
cells and other human cell lines derived from a variety of tis- 
sues such as KATO III 1 gastric carcinoma/. Capan-1 (pancreas 
carcinoma). PC-3 'prostate carcinoma 1. SK-N-MC (neuroblas- 
toma >. PC-9 ( lung carcinoma), and He La • cervix carcinoma). As 
a result, the expression level of Fuc-TVII was shown to be 
below 0.0 1*^*; relative to the 0-actin level in all of these cells and 
cell lines. In light of the previous observations on cancer me- 
tastasis « I, 14-17), it should be noteworthy that both Fuc-TIII 
and Fuc-TV'I genes were highly expressed in colon adenocarci* 
noma cell lines Colo205. SW1116. and LSISO. except for the 
poor expression of Fuc-T\*l in SWl 116. Taken collectively, both 
Fuc-TIV and Fuc-TVII were shown to be candidates participat- 
ing m the biosynthesis of the sLe* determinants in leukocytes. 

Either FuC'TPi/ or Fuc TVll Directs Biosynthesis of the sLe* 
Dfttcrminants in Namalwa KJM ! C.'//.s— Since no report has 
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Primers 



5 " -CCTCCCG ACAGGAC ACC ACTCC - 3 
5 ' -GAGAGGCTC ACGCCCTGCTTTT - 3 ' 
5 • -G AACCTGTCACCCGGGCTCCC - 3 ' 
5*-AATGGGTCCCGCTTCCCAGACAG-3 
S • -C ACCrCCGAGCCATCTTC AACTC- 3 ' 
5j-GATATCGCCCCGCTCGTCCTCGAC-3 



5 -GCGTCCGTACACGTCCACCTTG- 3 
5 -GCAGGAGCCCAATTTCGGCCAC- 3 
5-GCGTCCGTACACGTCCACCTTC-3 
5 -CCGTCCGT AC ACGTCCACCTTG - 3 
5 ■ -CGTTGCTATCCGCTCTCATTC ATC- 3 
5 -CAGGAAGCAAGCCTGGAAGAGTGC-3 
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totaJ volume of 30 uh. Acceptors lacto-.V-nvntecraos« iLNnTi I.nno- V- 
tctmose .LNT), lacto-.V-fucopeniaose I «LXFP.|.. lacio-.V-ruoipenuio's* 
V iLNFP-V.. and a2.3-sialyl LNT wore purchased from Oxford Give.*- 
:iyatems. Acceptors ^fZa-sialyl LNnT and .t2.3-sialvl LNFP-V tvere pre- 
pared by sialylation of LNnT and LNFP-V with protein A-ruscd ST-4 
•18) and protein A-fused human CMP..V-acetylneuraminate-V- 
acetyUactosaminide <i2.3-sialyUransrerase • Id, 42i, respectively. These 
acceptors were pyridy laminated according to the method ofKondoef al 
J43K After incubation at 37 'C for 2 h, the reactions were terminated bv 
boihn? for 5 min. After centrifugation of the reaction mixtures at 12.000 
X g for 10 min. an aliquot of the .supernatant was subjected to HPLC 
analysis using a TSK-gel ODS-dOT„ column .4.6 x 300 mm: Tosohi. The 
reaction products were eluted with a 20 m.M ammonium acetate butTer 
*pH 4.0i at a How rate of 1.0 ml/min at .50 C and were monitored with 
a fluorescence spectrophotometer 'Hitachi model F-llOOi. Parallel re- 
actions were done in the absence of GDP-fucuse to identify products and 
to check substrate and product hydrolysis. 

Enzyme activity is defined as pmol of accepti>r substrate 
fucosylated/ml of culture medium/h. The amounts of products were 
determined from their fluorescence inten.sities usin^ pvridvlaminated 
lactose as a standard. The reaction products were identified bv com- 
parison of their retention times on HPLC with those of the fol'lowinif 
pyridy laminated standard oli^accharides: LNFP.II L-VFP-(II 
LXFP-V, «2.3-jialyl LNFP-II .with the sLe" structurei. ..2.3sialvi 
LXFP-III twith the sLe" structure}, and a2.3-sialvl LNFP-V pvri- 
f^i™*"''^ a2.3-sialyl LNFP-II and pyridy laminated u2i-siilvl 
LNFP.III were prepared by fucosylation of pyridy laminated o2.3-sia!'v| 
LNT and pyridylaminated a2.3-sialyl LNnT with the purified Fuc-Tl'll 
and Fuc-TVT enzymes fused with protein .\. respectively. 

Quantitation ofFuc T Thanscripts Using Competitice PCR^The lev- 
els of Fuc-TIIL Fuc-TIV. Fuc-TV. Fuc-TVI, and Fuc-TVH transcripts 
were measured by competitive PCR <44i using their respective cDN'As 
which were re verse- transcribed from RNA samples. For distinction of a 
target cDNA from its competitor DNA. plasmids pUCll9-FT3d 
pUCUS-FT-ld. pUCll9-FT5d, pUCXl9-FT6d. and pUCUS-FTTd. which 
earned a small deletion within the respective cDNAs. were prepared bv 
deleting the l72-bp TihlllUMboll fragment of Fuc-TlII cDNA from 
PUCU9-FT3R, the ITl-bp Smal^tul fragment of Fuc-TIV cDNA from 
pUCll9-FT4. the ISO-bp EC0RV..W60II fragment of Fuc-TV cDNA frxim 
pUCll9-FT5. the l79-bp Banl-Pvull fragment of Fuc-TVI cDNA from 
PUC119-FT6R. and the iSUbp Apai^BstXl fragment of Fuc-TVtl cDNA 
from pUCU9-FT7. respectively. Plasmids pUCU9-FT3R and pi;CU9- 
FT6R were constructed by inserting the LO-kb HindlU ( blunt >-Asp'"* 
iblunt) fragment of pAiMo-FT3 and the 2.1-kb £coRV-SacI fblunt) frag- 
ment of pAMo-FT6. respectively, into the Hindi site of pL*CU9. To 
preclude sample-to-sample variations, the level of 0-actin mRNA was 
measured for each cDNA sample by PCR usinij plasmid pL'Cll9-ACTd 
as a competitor. Plasmid pUCll9-ACTd carrying a truncated human 
0-actm cDNA was generated by deleting the l50-bp EcoO 109 1-B.^ EH 
fragment from a 0-actin cDNA that was amplified from the single- 
stranded cDNAs of U-937 by the PCR using primers o' aagtataaecttC- 
CATGGATGATGAT.ATCGCCCCGCTCGT.3* and a'-atttaaggtac^KJAA- 
GCATTTCCCGTCGACGATGCAGCGG-3-. All of the plasmid DNAs 
were subjected to PCR analyses after their linearization with restriction 
enzyme digestion. 

From total RNA i5 ug for cell lines or I ug for human blood leuko- 
cytes 1 prepared by the guanidine isothiocyanatCfCsCI method '45 p. cD- 
SAs were synthesized using oligo<dT> primers in a total volume of 21 ul 
and diluted either oO-fold » for cell line.sjor lO-fold * for blood leukocytesi 
with H.O. Ten ul of this dilution was subjected to the two-step quanti- 
tative PCR analysis that consisted of the first PCR for rou^h measure- 
ment usmg 10 fg of linearized competitor DNAs or 10 pg of pL'Cirj- 
ACTd and the second PCR for accurate ^uantiution based on the 



amount oJ tar^'C't cDN.A:> .:.siimai.M! hy the Hist PCR .Vtcr incuhatinr 
9. C fur o mm. PCR was ptfrlnrmcU in final volume »i 40 al usini< : 
pnmers -O.o u.m ♦*;ichi listed in Tahlf I hv l.-,-l9 cvclt^.^ f..r J-actin. 
23-:32 cycles *for Fuc-Ts e.xccpi Fuc-T\* ..f y4 C for U) .< H-S fo 
mm. and 72 C for 2 min. The Pt:R for Fuc-TV was done hv JT- 10 oc 
of 94 C for 30 s und 72 C for 4 min. The PCR for Fuc TlV and Fuc^^ 
was performed m the presence of dimethvi sulfoxide. Alter ampi 
cation. 15-mI aliquocs were subjected co elect rophore5:$ in l .S'7 agarc 
gels, followed by photographic reciirdine of the ireU stained w^ 
ethidium bromide. Amplified DN'A frainnent.«« were quantified bv .sc- 
ning the negative films using a densitometer 'Shiniadzu model C 
90001 The amounts of amplified target cDN'As were calculated frr 
their respectivi^ standard curves, converted into ihv values of mol 
numbers, and ourmalizcd by th<»se for J-actin. 

Construction and Pun/hntinn n/ Sn/ufy/tr f i^cVc7/r/— According to 
approach similar to that described by Lobb ai. -46 . we prepared 
soluble form of human E-.selcct.n protein lacking th*. cransmembra: 
and cytoplasmic ptirtions. A.s an attempt to facilitau it.< purification s 
^^'<*<" **»n<*»na? peptide of ,S amino acids •AGHPQGP» »47» 
the COOH terminus of truncated E..<eleciin 'amino acids 1-53 1 » h 
the resulting M\iib\e E-selectin was found not to bind to an avid 
affinity column in that purification process. A fragnirnt encoding il 
truncated E-.selectin -amino acids l-o3l- was i^eneraiod from plasm 
BBGoi carrv'ing a full-length of E-selectm cDNA bv a combination 
PCR amplification with restriction enzyme digestion and was clone 
into a mammalian expression vector pAGE24S 'a ,nft from Dr T M 
zukamii together with double-stranded oligonucletjtides encoding il 
avidin binding sequence, which formed a plasmid psELAM24^A e 
pressing the modified soluble E-selectin. The vector p.AGE248 is a d* 
nvative of pSEl(ki2-4 i30> in which the segments of SV40 eariv pn 
moter. interferon-0 cON'A. and C41S resistance unit were replaced wit 
those of Moloney murine leukemia vims promoter, multidoning site: 
and hygromycm resistance unit, respectivelv. After transfection ofNi 
malwa KJM-l cells with psELAM24SA. a clone ElMl producing - 
Mg^ml of the soluble E-selectin was obtained using the dihvdrofolat 
reductase gene coamplification method as described bv Mivaji'er al. « 30 
From the serum-free conditioned medium of clone ElMl. the solubl 
E-selectin protein was purified by the same procedure as that of Lobb t 
a/- i46i except for omission of Mono Q column chroma tograph v. In thi 
purification procedure, we used anti-E-selectin mAb KM994 for immt 
noaffinity column chromatography. 

Ceil Adhesion A.<s.«ays— Assays to determine adhesion of transfecte 
Namalwa KJM-l cells and U.937 cells to soluble E.se lectin -coated 9€ 
well microtiter plates were performed as described bv Ubb et al. 446 
Before adding these cells to the wells, the cells were incubated with W 
pg'ml KM93 or a control mAb KM696 ifor testing the antibodv-medi 
au?d inhibition of cell binding; or without mAb for 30 min at 4 'C Gel 
adhesion was quantified by counting the number of adherent cells afte 
detaching them from the plates with trypsin treatment. 

RESULTS 

Expression Cloning of cDNA Directing Bios\'mhesis of th. 
sLe' Determinants-^To search novel Fuc-Ts involved in the bio 
synthesis of the selectin carbohydrate ligands. we employed th< 
e.xpression cloning approach using lectin resistance selection 
described previously ' 18>. and achieved che isolation of a Fuc 
TVr clone from the SW11I6 cDNA library by selection with thi 
cytostatic .V/. amuren.^is lectin I. As shown below, our analysis 
revealed that Fuc-TVI was not substantially expressed in leu 
kocytes presentinj; the selectin lijjands. indicating that Fuc 
TVl IS not involved in the biosynthesis of those ligands ir 
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tlic participiition of yet unknown «l.3-Fuc-T<s). which may re- 
s<»lve mo:5t ty( the apparent contlicts. 

In this study, we report the expression cloning of a novel 
human «1.3-Fuc-T. designated Fuc-TVII. which directs the hio- 
synthesis of the sLe' determinant in the human Burkitt lym- 
phoma ceil line Namalwa. Quantitative analyses of the expres- 
sion levels of five cloned (k1.3-Fuc-Ts in various cells revealed 
that h<ith Fuc-TIV and Fuc-T\'II were significantly expressed 
in myeloid lineage cells. Either Fuc-T was found to form the 
sLe* antigens at the cell surface, when expressed in Numalwa 
cells. Fuc-TVII expression has conferred considerable E-selec- 
tin binding ability on the cells in contrast to almost no binding 
activity given by Fuc-TIV expression, suggesting that Fuc-T\'II 
may participate in the biosynthesis of the selectin ligands. 

EXPERIMENTAL PROCEDURES 

Snrn%:nclatur€ of Sialyl- and Fucosyltransferasi^s — To simplify discus- 
sion, four members of the cloned human ttl,3-FucTs will be called 
Fuc-TIII. Fuc-TVI. Fuc-TV. and Fuc-TVt according to the designation of 
Lowe and co-workers f24. '2S*. A novel ol^-Fuc-T identified in this 
study will be referred to as Fuc-TVIL The CaJ|* l-3/l-tiOlcNAc tt2^- 
sialyltransferase described previously < 18) will be called ST-4. 

Cell Lines — Namalwa KJM-l. a subline of the human Burkitt lym- 
phoma cell line Namalwa. was cultivated in serum-free RPMI 1640 
medium as described «2T. 23k Cell lines WM266-4. THP-l. HL-60. 
U-93T. Colo205. and LSISO were obtained from the American Type 
Culture Collection. SWU16 and T-cell line Jurkat wen? gifts from Dr. 
Toshitada Takahashi »Aichi Cancer Centen. These cell lines were cul- 
tured in RPMI 1640 medium containing 10^ fetal calf serum. 

Preparation and Fractionation of Blood Leukocytes — Human poly- 
morphonuclear leukocytes «PMN) and peripheral blood mononuclear 
cells were separated from the peripheral blood of healthy adult donors 
using Polymorphprep^ iNycomed Pharma>. The peripheral blood 
mononuclear cells were adhered to plastic Petri dishes and separated 
into adherent monocyte-enriched and nonadherent lymphocyte-en- 
riched populations i29>. 

Construction ofcDNA Libraries — Double<stranded cDKAs were syn- 
thesized with oligoidT) pnmers using polyiAr RNA prepared from 
THP-l or SWIU6 cells. The cONA libraries were constructed by insert- 
ing blunt ended cDNA larger than 1.6 ktlobases «kb» between two Sfil 
sites of the expression vector pAMo «18» with the help of adaptors 
formed by oligonucleotides 5'-CTCTAAAC-3' and 5 -CTTTAGACC AC- 
S'. 

Monoclonal Antibodies and Flow Cytometric Analysis — Anti-£-selec- 
tin mAb KM994 was generated by immunizing BALB/c mice with the 
crude membrane fractions prepared from CHO cells that express hu- 
man E-selectin highly. The cells were generated by transfection with 
pSEdELAMl that was constructed by inserting an E-seiectan cDNA of 
plasmtd 88057 (British Biotechnology i into a vector pS£l0d2-4 'a gifl 
from Dr. T. Mizukami. Kyowa Hakko Tokyo Research Laboratories. Ref 
301. The mouse anti-sLe* mAb KM93 f IgM). the mouse anti-sLe' mAb 
KM231 (IgOlK the mouse anti-Lewis x iLe') (Gal01-4(FucaU 
3}GlcNAc) mAb KM380 < IgMh and the mouse anti-gangltoside G^^ mAb 
KM696 (IgM) were prepared as described (31-34). The mouse anti-sLe' 
mAb CSLEX-l 'IgM) (35) was purified from the supematants of hybri- 
doma HBSSdO obtained from the American Type Culture Collection. 
The mouse anti-Lewis a f Le*» tCal3l-3(Fucal— »>GlcNAci mAb was 
obtained from the International Reagent Co. (Kobe) The mouse anti- 
dimeric sLe* <NeuAca2-3GaI0l-4(Fucal-3)GlcNAc01-3Gal31-4/Fuc- 
al-3)GlcNAci mAb FH6 <IgMH36. 37) was a giU from Dr. Reijt Kannagi 
< Aichi Cancer Center). Transfected Namalwa KJM-l cells were stained 
with each of these mAbs or with BALB/c mouse normal serum *as a 
control) and were analyzed on an EPICS Elite flow c>tomeier •Coulter 
Electronics IncJ as described (18>. 

DNA Sequencing — DNA Sequences were determined by the 
dideo.xynudeotide chain termination method (38) using the Applied 
Biosystems model 373A DNA Sequencer. 

Expres/tion Cloning of cDNA Encoding Fur- TV//— Namalwa K.IM-1 
cells were transfected with the THP-l cDNA library by electro po ration 
as described i39i and grown for 24 h. Stably transfected cells were 
selected by cultivation for >14 days in the presence of G4 18 '0.5 mi^'mli. 
The cells were stained with the mAb K>193 followed by staining with 
fluorescein isothiocyanate-conjugated goat anti-mouse IgG/IgM. The 
cells highly e.xpressing the sLe' antigens were enriched by three rounds 



iif .<ortini; *yn thv fltiw cytotiu-ior. PlusnitJ ON.-Vj: wore i-t*covcix«<l rV«-j 
«hos«' cells ;is df:<(:rtlH.-<l i4ni. Individual pi.isRiids wore e.xannned t. 
their ability t«> incnru.si' thv lovijl of .*Le* .iniiiZiMis in .Namalwa IvJM- 
ccll.-i to .select a Fuc-TVIlM-.^jinvsins; clone nam»-d p.VMo-FTT, 

Exftn-ssutn C!**ntn-4 * DiVU £/»oh/; :v Fuc'Tlll :ind Fuc'T\'i^ 
Fuc-T! Il-ff-xprcs-^ini^ pl.i.smid pA.M«»-FT:5 was .^elected fnmi the SWi 1 1 
cDNA library hy the .-iamc appnuwh a# that u.-*ed in the chmin:: ■ 
Fuc-TV II. A Fuc-T\*U.\xpr€.-ssine vector p.VMo-FTU w;u< obtained inn 
the SWlUti cONA library by ihc clonin:; approach w«h ri'si.stamv s. 
lociion at,'ainst 10 us^'ml .Vfnmia itmun'nsi.< lectin I. i>btained frmn VVi 
t«ir L.ib*>ratoriL's Inc., ujs dc;«cnb«nl previously ♦li>». 

IstUatinn .j/ c/JA'.U EttctKliny Fuc Tr\' ond Fuc T\' — .A Kuc-TlV cDN 
wa.s amplitled from .sm!;le-stranded cDN.As of L'-9:>7 hy pulymcraf 
chain reaction 'P<:R) usin^ pnmer5 ■ 5 - jacga ai;ct t OC AG CGCTCiCC* 
CTTCGCGCCAT-:r 'synthetic HindUl sue underlined i and 5'-atcag; 
yui-liCTT(:ACCGfrrrG.A.\CCAOCTG(;r :r synthetic .\sp siw ut 
deriincd). dif^ested with W^Vidlll and A^p'** aixd cloned between th 
//cndlll and .Asp*"' .sites of p.A.\Io IS . which venerated a Fuc TI\ 
expressinjf plasmid pAMo-Fr4. A pL'C I li)-based plasmid carrying 
Fuc-TIV cDNA* named pCCll9-FT4i was constructed by inserting int 
the Hindi site of pL'Cll9i4I* a Fuc-TIV cDXAthat wa.-* amplifiifd fnii 
the single-stranded cDNAs of L*-937 bv PCR usinif primers 1 3 *G AG AC 
CCTCACGCCCTGCTTTT.3- and 5 -GCAGGAGCCCAATTTCGGGC 
AC-31. 

A Fuc-TV cDN'A was amplified from human placenta chromosom; 
DNA (CIantech» by PCR uiing pnmers • 5 •tcctaaifcttCTCT'TTC 
CCAGCTACTCTGACC- V and 5 -gtcatcagcicGCCGGCCTCTi G"! 
GAACCAAGC-3' i. digested with HindlU and 5acl. and inserted b« 
tween the HindlU and Sad sites of pL*CU9 to form pL*CU9-FT5. 

PCR Analysis ttf Human Chmmos/i/nal Somatic Ceil Hybrids - 
Chromosomal Uxalizatiun ofthe human Fuc-TMI -^ene was aligned b 
PCR analysis using genomic DN.As prepared from hamster-human s*. 
matic cell hybrids usinjf both a kit ' BIOS>LAP*-^ Somatic Cell Hyhri 
PCRable"* DNAs. BIOS Co. : and the primers specific to the 3'-noncoc 
ing region of t he F uc-TVTl gene o -TCAAACCACCAGCCATCCC 
GCC-:r and o -CCTTCACCCACCCAAGATTTGTTC.3'i. The presenc 
ofthe Fuc-TVII :>«quence was e.xamined by 32 c>-cle5 of PCR of 94 'C fo 
.30 5. TO *C for I min. and 72 "C for '2 min. Under this condition. ; 
predic*ted single 2l8-bp fragment was amplified from human genomi 
DNA but not from hamster DNA. To e.xdude the possibility of DN* 
contamination, control sample< with no genomic DNA template wer 
subjected to the same PCR analysis for each e.xpenment. To confirr. 
further that the amplified products originated from the Fuc-TVH gene 
they were subjected to SpAI digestion, which divided the 2l8-bp Fuc 
TVII fragment into 106- and Il2-bp fragments. 

Coosr^ruc^ion and Purification of Fuc-TVi and Fuc- TV// Protein 
Fused with Protein A — ^To analyze the Fuc-T activities of Fuc-TVI an- 
Fuc-TVTI. their respective putative cataUtic domains were expressed a 
proteins fused with the IgG binding domain of Staphylococcus aureu 
protein A using the vector pANIoA as described • 13 ». .A0.9T-kb fragmen 
encoding a COOH-terminal portion of Fuc-TVT « amino acids 40-35S 
was amplified by PCR using primers o'-ctctcggatatCCCACTCT^ AC 
CCTAATGGGTC-3* and 5 -gtagacgcggccgCTCAGGTGAACCA. JC 
GCTATG-3'. digested with EcoKV and .Vo*I, and cloned between th 
Stul and Soti sites of pAMoA to yield pA>IoA-FT6 expressing a protei< 
A-Fuc-TVI fusion. .A protein .A-Fuc-TVlI fusion * designated A6FT7^ tha 
contained a Fuc-TVInlerived peptide t amino acids 40-34 » between pre 
tein A and Fuc-TVl{ f amino acids 39-342) portions was generated a 
follows. The l.d-kb SocI fragment of pA>Io-FT7 was inserted into th 
ffincll site of pUClI9 to form pL-Cll9-FT7. The 0.4.kb HindlU Asp'' 
fragment encoding both protein A and Fuc-TVI peptide was Isolate 
from pAMoA-FT6 by PCR using pnmers .5 -CGCCAGTCCTCCGATl 
GACTCAGT-3' and o -ccatggraCCTGTGCTGTCTGGGAAGCGGGA-J 
The 1.0-kb Asp''*-Taqf < blunt) fragment encoding a part of Fuc-TVI 
'ammo acids 39-342) was excised from pL'CU9-FTT and cloned into th 
Hirtdlll and Sod « blunt) ends of pAMo together wuh the 0.4-kb Hin 
dlll-Asp'^" fragment from pAMoA-FT6. which constructed pAMoA-FT 
expressing the protein A6FTT. The PCR-amplified portions of pAAloi* 
FT6 and pA>toA-FT7 were iet^uenccd to confirm the absence of possibl 
PCR errors. 

Protein -A. the protein A* Fuc-TVI fusion, and the fusion .A6FT7 wer 
expressed and purified from the conditioned medium of Namalw 
ICJM-1 cells transfected stably with plasmids pAMoA. pAiMoA-FT6. o 
pAMoA-FT7. respectively, as described • 18 1. 

Fuc-T Assay.t and Product Characterization — These purified protein 
1.5 ul each I were assayed for FucT activities in 0.1 :a cacodylate hutTc 
• pH 6.8). 5 m.M ATP. 10 m.M i. fucose. 7.5 u.m GDP-fuoise »Wako Pur 
Chemicalsi. 2.5 mw MnCU and 25 um pyridylamtnated acceptor tin 
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The sialyl Lewis x <N€uActt2-:JGalfJl— 4(Fucal-Nj)Clc- 
NAci determinants ser%-e as iigands in the selecCin«me- 
diated adhesion of leukocytes to activated endothelium 
or platelets. In our efforts to identiiy i^iy cosy I trans- 
ferases involved in the biosynthesis of those liga'nds, we 
achieved expression cloning of a novel human al.3*fu- 
cosyltransferase termed Fuc-TVII from a THP l cDtN'A 
library by enrichment of the Namalwa cells highly ex- 
pressing that determinant with a fluorescence-activated 
cell sorter. Expression of the COOH-terminal catalytic 
domain of Fuc-TVTI showed an ul^3-fucosyltransferase 
activity for a type II oligosaccharide with a terminal 
o2«3-linked sialic acid among various acceptors, consist- 
ent with that in vivo acceptor specificity. Alignment of 
the primary sequences of five ul US- fucosy I transferases 
and assignment of the chromosomal location of Fuc- 
TVTI gene, together with that acceptor specificity, indi- 
cate that Fuc-TVtl consists of a unique class of the ttl.3- 
fucosyltransferase family. Determination of the 
expression levels of these a 1. 3- fucosy I transferases in 
various cells revealed that both Fuc-TVII and a myeloid 
fucosyltransferase Fuc-TIV were significantly expressed 
in myeloid lineage cells. Fuc-TVTI-transfected .Namalwa 
cells e.xhibited significant binding to £-selectin in con- 
trast to little binding of the Fuc-TIV-transfected cells. 
These results suggest that Fuc-TVII may participate in 
the biosynthesis of the selectin ligands. 



.Much evidence has accumulated indicating that sialylaied 
and/or fucosylated lactosaminoglvxans are involved :n fetal de- 
velopment, tumori genesis, hematopoietic cell differentiation, 
and leukocvTe trafficking • U. In particular, the sialyl Lewis x 
• sLe'j^ . N'euAca2-:3Gal31-4i Fucal-3)GlcNAc» determinant 
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The abbreviations used are: sLeV sialyl Lewi^ ■ NeuAca2-3Gai/3 1- 
4*Fucal-3)GlcN*Aci: aLe". aiaJyl Lewis a •NeuACQ2-:^Gal31-3lFucal- 
4iGlc>iAc/: mAb. monoclonal antibody: Fuc-T. fucosyltransferase: 
CHO. Chinese hamster ovary: PMN. polymorphonuclear leukocvtes; 
kb. kilnbase<:ir. Lc\ Lewis k < GalU l-w Fuca 1-3 ^3IcNAci: "O,,,, 
lI'NeuAcO^Ose.Cer. Le\ Lewis a <Gami-VFucal-4.<;ic.VAcr. PGR. 
polymerase chain reaction: bp. base pairsi: LNnT lacto-:V-neotetraooe 
• GalU l-4Glc:N*Aca U3GalO l-4Glci: LNT. lacto-.V-tetraose • Galii l- 
3ClcNAcUl-3Cjiai-4Glcr. LNFP-I. lacto-.V.fucopcnia..se I «FucuU 
2Cjl(il-:;GlcNAcBl-:JGami-4(;icj: LNTP II, lacto-.V-fucipe nwo.se (! 
■t:dlUI-:iFucal-*iGlcNAcMl-30allil-40Sci: LNFP-III. iacto-.V-fuco- 
pentaoiie (CI CaliJl-i' F'jca l-.;n}lcN.Act5l-:ii:aly l-40Ic': LNFP-V. 



and lis .itereotsonier .sialyl Lewij? a sLe'* ,VeuAca2-3Gai0l- 
■>«Fuc«l-4'Glc:VAc' determinanr have *«voked ounsiderable in- 
:erest because both were demunstraced to serw as ligands for 
:he three known ielecti ns = E-. P-. and L-selectms • = 2- II . which 
are cell adhesion molecules involved \n the recruitment of leu- 
koc\tes into lymphoid tissuesi and iices of inrtammation ■ 12. 
1->K Furthermore, these de'.erminant^ and :he»r related struc- 
tures also have been reported to be a5:?.K:iated -.vich cancer 
.-nali^nancy 14-I7i. and a number of monoclonal antibodies 
mAbsJ against tho.<e anti^en.s have been generated for cancer 
diagno.sis • 16. 17; 

The mechanisms for reijulacing ihe biosynthesis of these de- 
terminants in various cells are critical importance for under- 
standing their roles m the abtue biological processes. Their 
biosynthesis will be controlled largely by jlycosyltransfe rases, 
especially fi2.3-sialyltransferase3 and 1x1.3- and ttl.4-fucosyl- 
transferases 'Fuc-Tsi. The identification of glycosy I trans- 
ferases involved in the respective biological processes will 
therefore help to explain such mechanisms at the molecular 
level. To isolate the glycosy I transferases participating in the 
biosynthesis of the sLe* and sLe * determinants, we have devel- 
oped a novel cloning approach using lectin resistance selection 
and reported e.xpression cloning of a novel a2.3- sialyl transfer- 
ase * termed ST-4 ». vvhich directed de novo e.xpression of the sLe^ 
determinant • IS». 

To date, four «l,3-Fuc-Ts 'designated Fuc-TIII, Fuc-TIV. Fuc- 
TV. and Fuc TVI» have been cloned and characterized -4, 20- 
26 i. Except F uc-TIV. these enzymes were reported to direct the 
appearance of the sLe^ and'or sLe' determinants in vivo »4, 
22-26i. However, it is still unclear which Fuc-T is responsible 
for the biosynthesis of the selectin carbohydrate Ugands, since 
the e.xpression patterns of these Fuc-Ts. e.xcept Fuc-TIV. have 
not been analyzed in detail. Goelz ec al. i2l' showed that 
ELAM-1 ligand fucosyltransferase. identical to Fuc-TIV, was 
expressed in a myeloid lineage cell line HL-60 and conferred 
E-selectin binding activity to transfected Chinese hamster 
ovary i CHO> cells. However, the capability of Fuc-TIV of gen- 
erating the selectin ligands in either transfected CHO and COS 
cells has not been confirmed by other studies '22, 23). As a 
possible explanation for this discrepancy, the involvement of 
host-specific factors such as specific glycoproteins or giycolipids 
presenting the selectin carbohydrate ligands has been postu- 
lated (22). In this light, it will be of crucial importance to 
e.xamine whether Fuc-TIV can direct increased expression of 
the sLe' determinant in hosts of leukocyte origin, which have 
the potential of binding to activated endothelial cells. An alter- 
native hypothesis for the biosynthesis of the selectin ligands is 



lacto-.V-fucopentaos*; V •Gulo i-:jGlcNAciJL-;]CalHl-wFucol-3iGlc.-: 
HPLC. hii»h performance liquid chrimaioifraphy: F."\CS. fluorescencc- 
.iciivaicU cell .sorter 
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abstract: Unique specificities of the cloned al,3-L-fucosyUran«ferases (FTs). FT ITT (Lewis type), FT 
rV' (myeloid type), and FT V (plasma type), and the a!,3-Frs of Colo 205 (colon carcinoma), HL 60 
(myeloid). B142 (lymphoid), EKVX (lung carcinoma), and calf mesenteric lymph nodes (CMLN) were 
discerned with sulfated, sialylated, and/or fucosylated Gal)5 1 ,3/4GlcNAc/5-based acceptor moieties, (a) 
FT V was 1-0-, 20.8-, and 4.6-fold active in forming Lewis x, Lewis y. and 3'-a-galacto$yl Lewis x, 
respectively, (b) FT ITT and FT V formed '^4-fold 3'-sulfo Lewis x, as compared to 3'-sialyl Lewis x. 
(c) FT IV showed great efficiency in forming 3'-sulfo Lewis x (249%) and Lewis x (345%) in mucin- 
type branched chains, (d) FT HI, FT IV, and FT V formed 19%. 62%, and 47% 6-sulfo Lewis x as 
compared to Lewis x. (e) 6'-Sulfo Lewis x and 3'-siaIy!-6'-sulfo Lewis x (GLYCAM ligand) were not 
synthesized from their immediate precursors by FT HI. FT IV. or FT V. (0 FT in. FT FV. and FT V 
were 311%, 9%, and 188% active, respectively, with 2'-fucosyi lactose but were not active with 2'- 
fucosyl-6'-sulfo lactose, (g) FT III and FT V were 7.0- and 0.5-fold active in forming Lewis a as compared 
to Lewis X, whereas, FT IV was inactive, (h) FT ITT was -2.0-fold nK>re active in forming 3'-a-galactosyl 
Lewis a than Lewis b. (i) FT IIT synthesized 6-sialyl Lewis a (40% efficiency as compared to Lewis a) 
from 6-sialyl type 1. (j) FT III did not act on 6'-sulfo or 6'-sialyi type I but was 106% and 22% active 
with 3'-sulfo and 6-sulfo type I, respectively, (k) The Colo 205 FT activities with type I compounds 
almost paralleled that of FT Til except for the low activity (9%) with Gal^l.3(NeuAca2, 6)GlcNAc^- 
O-Bn, but with type 2 considerable differences between Colo 205 FT and FT ni were noticed. (I) The 
al,3-FTs of CMLN. HL60. B142. and EKVX were 1.2-1.7 times active with Fucal,2Gal^l.4GlcNAc^- 
O-pNP and Galal.3Gal^l,4GlcNAcy5-(7-Bn with respect to Gal/M.4GlcNAc/3-0-Al, (m) Both CMLN 
and HL60 FTs were 2-fold active with 3-sulfoGal^l,4GlcNAc in a mucin-type branch structure such as 
3-sulfoGaIy3l.4GlcNAc/5l,6(Gal)3l.3)GalNAca-P-Bn. (n) The 3*-sulfoLacNAc/acrylamide copolymer, 
either as an acceptor or as a competitive inhibitor, had the potential to distinguish myeloid type ai.3-FT 
from the plasma type. 
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The ligands for E- and P-selectins, two members of the 
selectin family of cell adhesion molecules, have been 
charat-rterized as sialylated and fucosylated oligosaccharides 
(Lowe et al.. 1990; Phillips et al.. 1990; Walz et al., 1990; 
Policy et al., 1991; Berg et al., 1991; Takada et al.. 1991). 
The ligand for the third member, L-selectin. has been shown 
to constitute a sulfate group in addition to sialic acid and 
fucose (Imai et al.. 1991). In addition, the sulfated Lewis a 
letra and pentasaccharides of ovarian cystadenocarcinoma 
glycoprotein were shown to be potent E-selectin ligands 
(Yuen cc al., 1994). Presently, it is becoming evident that 
subtle differences in the simcture of sialylated. fucosylated 
oligosaccharides influence their binding affinity with E- and 
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L-selectins (Foxall et al.. 1992; Needham & Schnaar, 1993). 
The expres.«ion of fucosylated oligosaccharides is largely 
controlled by regulating the expression of aLB-fucosyltrans- 
ferases (FTs)* (Lowe, 1991). Recent studies have led to the 
recognition of five different human al,3-FTs, designated 
Fuc-T III to Fuc-T Vn. Fuc-T III corresponds to the Lewis 
type al.3/4.FT (Kukowska-Latallo et al., 1990), Fuc-T IV 
corresponds to the myeloid type (Goelz et al., 1990; Lowe 
et al., 1991; Kumar et al., 1991), Fuc-T V and Fuc-T VI 
correspond to the plasma type (Weston et al., I992a,b; 
Koszdin & Bowen. 1992), and Fuc-T VTI appears to be a 
unique type (Sasalci et al.. 1994). Yago et al. (1993) 
examined the expression of Fuc-T III to Fuc-T VT at mRNA 
levels in various epithelial cancer and leukemia cell lines 
and found mixtures of multiple molecular species of these 
FTs. Recently, Sasaki et al. (1994) studied the expression 
level of the five cloned al,3-FTs and found both Fuc-T IV 



' Abbreviations: FT, fucosyttransferase; Al. allyl; Bn. benzyl; Me, 
methyl; pNP, para-nitrophcnyl; AA-CP, acrylamide copdymer; CNfLN. 
calf mesenteric lymph nodes; TLC. thin-layer chromatography. 
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and Fuc-T Vn in myeloid lineage cells. When expressed in 
the human Burkitt lymphoma cell line. Namalwa, both of 
these enzymes formed sialyl Lewis x ai the cell surface, but 

,. u ^^'^'Z ''•'•"'y 0"'y conferred on these 

cells by Fuc-T Vn. Sueyoshi et al. (1994) compa,«J Chinese 

^T^^"!^ s'^'^'y transfccted with Fuc-T 

V?^?""^ °^ ^ (CHO-FT IV). for their 

carbohydrate struchires and for their binding to E- or 

LTvtm% ^r""^^ ^i^y Lewis X. uwis X. 

and yiM-2 structures, whereas CHO-FT IV expressed only 

rh 7'* f They also found 

CHO-FT m and CHO-FT IV failed to adhere to L-selectin 
The present paper reports our detailed investigation on the 
intnMte specificities of the cloned Fuc-T m. Fuc-T IV. and 
Fuc-T V and also on the specificities of al.3-FTs present in 
some human cell lines and calf lymph node using a variety 
of sulfated^ sialyiated. and fticosylated compounds as ac- 
ceptors. The present study has led to several unique fmdines 
on the specificities of these enzymes, thus forming a soumi 
basis to explain their distinct roles in the expression of 
SljJSants carbohydnue antigenic 

EXPERIMENTAL PROCEDURES 

FT m.FT ly. and FT V. These cloned and expressed 
enzyme-Protein A fusion products (Glycomed. Alameda. 
CA) were isolated by binding to IgG-Sepharose beads (I 
•nL of IgG-Sepharose/L of the condition media containing 
the protein A-cnzyme). followed by dissociation of thai 
complex for soluble enzyme. As the present studies neces- 
sitated s^blc enzymes. 1.0 nf»L of the Sepharose bead slurry 
of each FT ni. FT IV. and FT V was centrifuged for I IS 
in a microftige. After removal of the supernatant I 0 mL 
u Tris-HCl-150 mM NaQ. pH 8.0. was added to 

•he beads, mixed gently by finger tapping, and centrifuged. 
The supernatant was discarded, and then I.O mL of 0 1 M 
citrate buffer, pH 4.4. was added to the beads, mixed in the 
cold room for '/^ h using Speci-Mix (Thcrmolyne). and 
centnfugtti for I min. The supernatant was mixed with 1.0 
mL of 0.5 M Hepes. pH 7.5. containing 4% Triton X-100 
and 20 mg of BSA and then dialyzed overnight at 4 "C 
mIcx' \^ ""U^r^ Tns-Hd. pH 7.0. containing 35 mM 
MgCb. I mM ATP. and 10 mM NaN,. The enzyme 
solutions were stored at 4 «C, and there was no appreciable 
loss of enzyme activity for at least 2 months. In each assay 
3 //L of the soluble enzyme preparation was used. 

Cell Culture. Colo 205. HL60. B142. and EKVX were 
grown in 250 mL plastic T-flasks in RPMI 1640 as described 
earlier (Chandrasekaran. I995a,b). The cells were homoB- 
emzed with Tris-buffered saline. pH 7.0. containing 2% 
Tnton X-100 using a Dounce all-glass hand-operated grinder 
rhe homogenate was centrifuged at 20 OOQg for I h at 4 »c' 
The supernatant was adjusted to 1 mg of protein/mL by 
adding the necessary volume of the extraction buffer 5 uL 
aliquots of these extracts were used in assays run in duplicate 
Protein w^ measured by the BCA method (Pierce Chemical 
Co.) with BSA as the standard. Calf mesenteric lymph node 
was niade available from the animal facility in Springville 
NY. through the courtesy of Dr. M. P. McGarry. 

Human breast tumor and human ovarian tumor were 
.OOC.O :<XP [T"" "^"^ Ros^^" park cancer 



Chandra.seka 

Institute. All tissue specimens were kept frozen ai 
until use. 

^ TTiese tissues were homogenized using Kinematic 
buffered saline and then stirred for I h at 4 *C after 
the concentration of Triton X-100 to 29t. HomoEcni 
centrifuged at 20 000g for 1 h at 4 °C. The clear 
supernatant was adjusted to 10 mg of protein/mL b- 
Uie neccssao' volume of Tris-buffered saline-29 
X-100. 5 /<L aliquots were used in the assay. 

Assay of a.1.3. a,ul alA-FT Activities. The int 
mixtures ran m duplicate contained 50 mM Hepes 
pH 7.5. 5 mM MnO;, 7 mM ATP. 3 mM NaN^ the 
(3X) mM unless otherw ise stated). 0.05^t ptCi of G 
*CIFuc (specific activity 290 mCi/mmol). and 5 «l 
enzyme solution in a total volume of 20 /<L 
incubation mixtures had everything except the acce 
the end of incubation for 4 h at 37 "C the mixtr was 
with 1.0 mL of water and passed through i>ow 
colurnn (1 mL in a Pasteur pipet) (Chandrasckarar 
iwj). The column was washed twice with 1 mL o- 
The breakthrough and wash, which contained the 
fucosylated neutral acceptor, were collected togeth 
scintillation vial, and radioactive content was dete 
using the 3a70 scinUllation mixture (Research P 
International. Mount Prospect. IL) and a Beckman L 
instalment. The Dowex column was then eluted 
mL of 0.2 M NaCl to obtain the ("Clfocosylatcd pi 
from sialylaied/sulfated acceptors and then count 
ladioactivity as above. Corrections were made by subt 
the radioactivity in the water and NaO eluates of the . 
incubation mixtures from the values of the conesD< 
eluates of the tests. Values for the duplicate runs c 
vary more than 5%. 

Synthetic Compounds. We already reported the syi 
of many of these compounds used in the present stud- 
et al. 1993a. 1994; Chandrasekaran et al.. 1995)' 
synthetic details on the remaining compou ; w 
reported elsewhere. 

Acrylamide-Sulfoglycan Copolymers. Acrylamic 
^ ^I!I?f^,'*'"!:^"^''""'^'*^NAc/?-0-Al and 3-sult 
^fI.4GlcNAc/?-0-AI were synthesized by followin 
procedure of Horejsi et al. (1978). About I.O/miol 
sugar unit was present in 1.0 mg of these copol 
(detcnnination of Gal by anthrone reaction); these cc 
men; exhibited an approximate molecular weight of 4 
as judged by chromatography on a Bio-Gel P60 columr 
dextran of 39 200 average molecular weight as the m; 
Acceptor Competition Experiments with Copolyntei 
(A) Competition between the acceptors and acrylam 
sulfoglycan copolymers for Colo 205 a 1 .3/4-FTs The 
of 3-sulfoGla/?l. 3GlcNAc/?-0-Al/AA-CP on the al 
as well as al.4-FT activities of Colo 205 was measured ' 

?i%J^."'«i-^i^^'^''^^'^^^'^^-^-P^ F"cal - 
ytf 1 .3GlcNAc/?-0-pNP acceptors, respectively The effi 

3-sulfoGal/?l.4GlcNAc^-0-Al/AA-CPon the al 3- as 
the al.4-FT activities of Colo 205 was measured i 
the GalAl.4GlcNAc/3-C»-AI and Gal^l.3GlcNAc^-0-A 
ceptors. respectively. The conceniration of copolymer i 
reaction mixture varied between 2.5 and 100.0 ^M (b 
on a molecular weight of 40 000) under the stan 
incubation conditions. The utmsfer of f'^DFuc to the ne 
acceptors was measured by the Dowex method asabo 



Specificities of al,3-L-FTs 



Biochemistry. Vol i5. No, 27, 1996 8927 



Table 1: Diffcrenliaiion of the Specificities of Colo 205 and the Cloned al,3-L-Fucosyltransferases (FT III. FT IV, and FT V) with Type 2 
(Cal^ 1 ,4CjlcKAcg-)-Based Synthetic Carbohydrates as Acceptors 



fucosyhransferase activity, incorporation of (**ClFuc (CPM x 10™*) 



synthetic carbohydrate (3.0 mM) 


Colo 205 


FT in 


FT fV 


FTV 




2695 (100) 


2 88 f 100) 


3.75 (1(X)) 


062 f 100) 




27 12^101) 




17.53 (470) 


12 SO f207S^ 


r UCd 1 ,^Ualf7 1 ,*HJIC 






0 32 (9\ 




Gala 1 ,3Ga]/? 1 ,4GlcNAc^-0-Bn 


29.11 (108) 


2.66 (92) 


6.45 (172) 


2.83 (458) 


Ncu Aca2,3Gal^ ! .4GlcNAc/5-0-Bn 


15.60 (58) 


1.31 (46) 


0-23 (6) 


0,54 (88) 


3-sulfoCa1^ 1 .4GIcN Ac 


22.37 (83) 


4.42(154) 


1.41 (37) 


2.13(345) 


Gal^l .4(6-sulfo)GIcNAc^-0-AI 


13.02 (48) 


0.55(19) 


2.32 (62) 


0.29 (47) 


6-sulfoCal/3l,4GlcNAc 


1.84 (7) 


0.06 (2) 


0(0) 


0.01 (1) 


6-suIfoGal^ 1 ,4(3-0-Me) 


0.05 (<1) 


0.02 (<l) 


0(0) 


0.01 (1) 


GlcNAc^-O-Bn 










6-suIfoGal/9 1 .4GlcN Ac^-O-Mc 


0(0) 


0.02 (< I) 


0.05(1) 


0.02 (3) 


Ncu AcCL2.3(6-sulfo)Gal^ 1 .4GlcN Acy?-0-Mc 


0(0) 


0.04(1) 


0(0) 


0,02 (3) 


Fucal ,2(6-su!fo)GaI^I ,4Glc 


0.03 (<l) 


0.01 (<l) 


0.01 (<1) 


0.01 (I) 


3-su!foGal^ 1 .4GlcNAc^ 1 ,6(Gal/? 1 ,3)GalN Aca-O-Bn 


15.02 (56) 


2.98(104) 


9.33 (249) 


2.21 (358) 


GaXP 1 .4G1cNAc/?l ,6(3-sulfoGal)3 1 3)GalNAca-<?-Bn 


16.19(60) 


0.54(19) 


12.94 (345) 


0.34 (55) 



K\ for the inhibition of ('^C]Fuc transfer to the neutral 
xceptor by the acrylamide sulfogiycan copolymer was 
determined by Lineweaver— Burke plot. 

(B) Competition between the acceptors and acrylamide— 
sulfogiycan copolymers for HL60 aI,3-FT and the cloned 
FT III (al,4-FT): The effects of both 3-sulfoGal- 
/?l,3GlcNAc^-0-Al/AA-CP and 3-sulfoGal/5U4GlcNAc^- 
O-Al/AA-CP on the al,3-FT activity of HL60 and on the 
al.4-FT activity of FT m were measured using Gal- 
/?l,4GlcNAc^-0-AI and Gal/5l.3GlcNAc^-C?-AI as the re- 
spective acceptors under standard incubation conditions in 
the presence of the copolymer as described above, for 
the inhibition was calculated by Lineweaver— Burke plot. 

RESULTS AND DISCUSSION 

Type 2 (Ga!pi,4GlcNAcP')-Based Structures as the Ac- 
ceptors for Cloned Enzymes FT III, FT TV, and FT V. Sec 
Table I.) Blood group H type 2 [Fucal ^Gal^l,4GlcNAc^- 
O-pNPl served as the most efficient acceptor. As compared 
to Gal^l,4GlcNAc;5-0-AI, enzyme activity with this acceptor 
was about 4-fold more with both FT UT and FT TV. It is 
.lighly interesting to note that FT V showed more than 20- 
foid activity with Fucal,2GaV5l,4GIcNAc)5-0-pNP as com- 
pared to the basic type 2 (Gal/?1.4GlcNAc^-0-Al). FT III 
and FT V showed 311% and 188% activity with 2'- 
fiicosyllactose as compared to Gal^l,4GIcNAc/3-0-Al, whereas 
FT IV exhibited very low activity (9%). If the aKl-fiic.osyl 
group in 2'-fucosylLacNAc^- is replaced by an al,3-linked 
Gal, FT ITT activity was reduced from 423% to 92%, FT FV 
activity was reduced from 470% to 172%; and FT V activity 
was reduced from 2075% to 458%. These results imply thai 
even though these enzymes prefer H type 2 as the acceptor, 
they are also capable of synthesizing 3'-a-galactosyI Lewis 
X from 3'-a-galactosylLacNAc at a significant level. When 
a sialyl group is linked a2,3 to Gal in Gal>3l,4GlcNAc^-, 
FT m and FT V showed 46% and 88% activity, respectively, 
whereas the activity of FT IV was almost negligible (only 
6%). 3'-SulfoLacNAc was highly reactive with FT III 
(154%) and FT V (345%) and showed less activity with FT 

IV (37%). 

FT IV was the only enzyme that showed appreciably more 
activity with Gal/3L4(6-sulfo)GlcNAc/3-0-Al (62%) as com- 
pared to 3-sulfoGal/3l,4GIcNAc (37%). while FT in and FT 

V showed much lower activities (19% versus 154% and 47% 



versus 345%, respectively). When sulfate was present on 
C-6 of Gal. the acceptor activity was lost toward all of these 
enzymes [see the activities with the following acceptors: 
6-sulfoGal/5 1 ,4GlcN Ac; 6-sulfoGal/3 1 ,4(3-0-Mc)GlcN Ac>3- 
O-Bn; 6-sulfoGaV3l,4GlcNAc/?-0-Me; NeuAca2,3(6-sulfo)- 
Gai;3l.4GlcNAc/3-0-Mc; and Fucal,2(6-sulfo)Gal^l.4Glc]. 

A very interesting observation was made on FT FV when 
its activity with an acceptor containing either Gal^ 1 »4GlcNAc 
or 3-sulfoGal^l,4GlcNAc linked ^1.6 to GalNAc of the 
T-hapten was examined. FT TV showed 249% activity with 
3-suIfoGaV?l,4GlcNAc^K6(GaV3l3)GalNAca-0-Bn as com- 
pared to 37% activity with 3-sulfoGal/?U4GlcNAc-, whereas 
FT V showed almost the same activity (358% and 345%, 
respectively) and FT m exhibited significantly less activity 
(104% and 154%, respectively). When Gal^l,4GlcNAc^l,6- 
(3*sulfoGal^l3)GalNAca-0-Bn was used as an acceptor, 
FT m and FT V showed much lower activity (19% and 55%. 
respectively), whereas FT TV was 345% active. Such a high 
activity exhibited by FT IV and not by FT III and FT V 
toward this acceptor suggests that the chain termination on 
the /5 13 branch has no effect on the activity of FT FV toward 
the ^1,6 branch. It is reasonable to state that the branched 
structures noted above are preferred acceptors for FT IV. 

Type 1 (Gaip\,3GlcNAcP'}-Bas€d Structures as Acceptors 
for Cloned Enzymes FT III FT TV, and FT V. The acceptors 
containing type I, namely, Gal^l,3GlcNAc/3-0-Al, Fuc- 
a 1 2G^ I JGlcNAc^-O-pNP, and Gala 1 ,3Gal^l ,3GlcNAc/?- 
O-Bn, were almost inactive with FT FV. FT V showed low 
activity with these acceptors (see Table 2) as compared to 
its activity with 2'-fucosylLacNAc^-0-pNP (Table 1). On 
the contrary, FT III was quite active with type 1 acceptors. 
As compared to Gali3l,4GlcNAc^-0-AI, Gal/?1 .3GlcNAc/?- 
a-Al was 7-fold active (CPM x 10'^ = 2.88 versus 20.91). 
H type 1 as well as the 3'-sulfo derivative of type 1 had the 
same degree of activity (98% and 106%, respectively), 
whereas Galal,3Gal)3l,3GlcNAc^-C?-Bn exhibited 186% 
activity. 

Substitution on C-6 of GIcNAc with a sulfo group in type 
1 chain reduced the activity of FT III to 22%, whereas 
substitution in the same p>osition with a sialyl group, 
surprisingly, retained 40% acceptor activity. Substitution 
with O-methyl retained 100% activity. Type 1 acceptors 
containing either the 6-suiro or 6-siaIyl group on Gal 
exhibited negligit^Ie amounts of activity [see the following 
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<^,!ioS:!g'^^^t.XrrS^^;^„°'-^--^'^^ or n,. FT .v. ^ FT V, .lu, T>p, 



synthetic carfaohydrate (3.0 mM) 



GaI^I.4GlcNAc^-AI 

Gal/5l3GlcNAc^O-Al 

Fuca 1 ,2Gal^ 1 3GlcN Acy9-0-pNP 

Galal .3GaI^I 3GIcNAc3-0-Bn 

Gal/?| .3{Fuca 1 .4)GlcNAc^O- Al 

Gai;9i ,3(4-(7-Mc)GIcNAc^O-Bn 

Gal^K3(6-0-Mc)GlcNAc^-0-Bn 

GaI/?l.3(4,6-di-0-Mc) 

GlcNAcyJ-O-Bn 

Gal^ 1 3(Ncu Aca2,6)GIcN Ac^-O- Bn 
NcuAca2,6GaI^I .3Gk:NAc^-0-Bn 
6^sulfoGal/? 1 .3GIcNAc/J-0-AI 
GaJ^l .3(6-suIfo)GlcNAc;3-0-Bn 
3-suIfoGal^ 1 .3GlcNAc^- Al 
3-sulfoGal^ 1 .3(6-0-McX;icNAc^-0- AI 
Fuca 1 ^(6-sulfo)Ga^ 1 3GlcN Ac^-O- Al 



fucosyltransfcTase acUvity, incorpofation of ['^]Fuc (CPM x 10" ') 

Colo 205 FTm FT TV " 



26.95 
27.10(100) 
27.49(101) 

3.38 (12) 
5.30(20) 
29.98(111) 
1.88(7) 

2^52(9) 
0.I8(<1) 
2.04 (8) 
8.85 (33) 
21.98 (81) 
17.65 (65) 
0(0) 



2-88 
2a9I (100) 
20.47 (98) 
38.84(186) 

1-53(7) 

2.64(13) 
20.85(100) 

0.77 (4) 

830(40) 
0.06 (<1) 
1.02(5) 
4.53 (22) 
22.23(106) 
18.13(87) 
0.02 (<1) 



3.75 

0.04(100) 
0.30 (350) 
0.05(125) 



0.62 

0.32 ( 100) 

0.31(97) 

0.69(216) 



synthetic carbohydrate (3.0 mM) 



GaV5-0-Bn 
Ga^l .4GlcNAc/3-0-AI 
Gal^l ,3GlcNAc^-0-AI 
FucaU2Gal^l .4GIcNA<^-0-pNP 
Fucal.2Ga^i9l,4GIc 
Gala 1 .3GaV? 1 .4GlcNAc^-0-Bn 
NcuAca2,3Gal^l .4GlcNAc^-0-Bn 
3-sulfoGal^I .4GlcNAc 
6-sulfoGal^ 1 .4GlcN Ac^-O-Mc 
NcoAca2,3(6-sulfo)Gl^l .4GlcNAc^O-Me 
Fucal ,2(6-suIfo)Gal^ 1 ,4Glc 

3-sjilfoGaV?1.4GIcNAc^I.6(GaI/?U)GalNAca.a-Bn 
Gal^ 1 .4GlcNAc^l ,6(3-sulfoGal/?l 3)GalNAca-0-Bn 



focosyltransfcfase activity^ incofporation o f ( »^JFiic (CPM 
CMLN 



X 10 ') 



HL60 



BI42 



0(0) 

27.15(100) 
0.20 (<1) 

31.22(115) 
139 (6) 

31.20(115) 
Z43 (9) 
833 (31) 
0.83 (3) 
0.01 (<I) 
0(0) 

18.62 (69) 
16.42 (60) 



0J5(<1) 
26.81 (100) 
0J>0(<|) 
37.80(141) 

2.70(10) 
35.70(133) 
3.46(13) 
9.80(37) 
2.02 (8) 
0.36(1) 
0(0) 
20,68(77) 
1633 (62) 



EKVX 



0.03 (< I) 
5.54(100) 
0(0) 

9.20(166) 

8.81 (159) 
0.66(12) 
1-44 (26) 



0.08 r< I) 
19.37(100) 

0(0) 
30.41 (^157) 

0.39 (2) 
30.40(157) 

1-36(7) 

4.46(23) 

0.16i<l) 

0(0) 



acceptors: 6-sulfoGal/5l3GlcNAc/9.0-Al; NcuAca2,6Gal- 
^U3GlcNAc/9-0-Bn; and FucaU(6-sulfo)Gal/?13GIcNAc^ 
/\1 J. 

FT V exhibited (see Table 2) the activities of 100% 194% 
and 97%, respectively, toward Ga]/?l,3GlcNAc/?-O.Al Gal- 
^1.4GlcNAc/3-0-.Al. and Fucal,2Gal/?l,3GlcNAc/5.(9-pNP 
The results thus lend support to the suggestion of Henry et 
al. (J995) that FT V is a good candidate for the production 
of some Lewis antigen by Lewis negative individuals. 

Activity of Colo 205 olL3/4>FT toward Type I and Type 
2 Structures. In Colo 205 aU- and al,4-Fr activities (refer 
Table 2) toward their respective acceptors. GaV9l.4Gk:NAc^- 
O-AI and Ga^^UGIcNAc^-O^Al, were almost equal, wheieas 
the al.3-Fr activity was less than 15% of the al.4-Fr 
activity in FT HI. The Colo 205 FT activities (expressed as 
% of the activity with Gal^l,3GlcNAcy?-0-AI) with various 
type 1 acceptors almost paralleled that of FT m except for 
the acceptor Galy3l,3(NeuAca2.6)GlcNAc;?-0-Bn which 
was less active with Colo 205 FT (9%). Considerable 
differences, however, were noticed in Colo 205 FT and FT 
m activity toward type 2 containing structures. H type 2 
exhibited the same activity as the basic type 2 (Fuc> 
al.2Galy9l,4GlcNAc^ O-pNP, 101%) with Colo 205 FT 
whereas FT HI exhibited '-4-fold activity with H type 2 
On the contrary, while Galal.3Gal^l.4GlcNAc)3-0-Bn and 
NeuAca2.3Gal^l.3GlcNAc/5.0.Bn respectively exhibited 
less than and activity with FT in, their activities with 



Colo 205 FT wcfc 108% and 58%, respectively, whc 
compared to that toward Fucal,2Gal/?1.4GlcNAc/?.i-pNl 
Also, compared to Fucal,2Gal^l.4GlcNAcy9 ^-pMl 
3-sulfoGaV9l.4GlcNAc and Gal>9l.4(6-sulfo)GlcNAc^-(7./ 
respectively showed 83% and 48% activity with Colo 20 
FT. whereas with FT OT their respective activities were onl 
35% and 5%. Type 2 acceptors containing 6<sulfated Ga 
also showed negligible activity with Colo 205 FT. 

As observed with FT ni. the 3-sulfoGal^l,4GIcNAciSl 6 
(Gal/?l3)GalNAca-0-Bn acceptor was less active thai 
3-sulfoGal^l.4GlcNAc with Colo 205 FT (56% and 83% 
respectively). In contrast to FT in which was onl- «A a 
active with Gal^l.4GlcNAci9l.6(3-suIfoGal^l.3>GaiNAca 
O-Bn when compared to its activity with 3-sulfoGal 
^U4GlcNAc/?1.6(Gali5l,3)GalNAca-0-Bn, the activity o 
Colo 205 FT with these acceptors was almost equal. 

Activities of ttlJ^FT Present in Calf Mesenteric Lymph 
Nodes (CMLN) HIM (Myeloid), BJ42 (Lymphoid)' w 
t-KVX (Lung Adenocarcinoma). The above sources (see 
Table 3) showed either 0% or <I% activity with the 
acceptors Gal^-O-Bn and GaI/3UGlcNAc^O-Al. indicatins 
that al.2- and aI.4-FT activities are almost non-existent in 
these sources. Fucal.2Gal/5l.4GlcNAc/?-0-pNP and Gal- 
aUGal/3l.4GlcNAc^-0-Bn were better acceptors for al .3- 
FT in these sources as compared to Gal^l.4GlcNAc^-0- 
Al. 2'-Fucosyllactose and 3'-sialylLacNAc^-0-Bn exhibited 
low acceptor activity with these sources. Considerable 
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Table 4: Differentiation of a 1 .3-L.Fucosyltransferascs on the Basis of Differences in Their AfHrnties toward 2'-FucosylLacNAc5.0.oMP 
3'-Su I foLacN Acyg-0>AI/AA-CP ^ ^ ^ ^ 

al.3-L fucosyltransferase activity, incorporation of ('^ClFuc into the acceptor (CPM x lO'Vmg o f protein) 

enzyme source i4. 2^fucosylLacNAc^-Q-phfP' (3.0 mM) fl, 3^su1foLacNAc^>t>-AI/AA-CP* (62.5 /iM) rati o. BM 

Colo 205 (colon carcinoma) 663.2 3929 ' 5g"5 

HUSO (myeloid) 487.5 43!5 go 

B 142 (lymphoid) 85.3 3.4 4 q 

calf mcsentericlymph node 631.0 124.9 19 g 

human breast tumor 122.2 9*0 7 4 

human ovarian tumor 91.6 10.0 10 9 



• The radioactive product from this acceptor was measured by E>owex-l-a method. * The radioactive product from this acceptor remained at t 
origin of silica gel GHLF plates after chromatography using ethylacetaterpyridine: water acetic acid (5/5/3/1). This was quanUtated by scraping t; 
silica gel into scintillation vials containing 2.0 mL of water and then liquid scintillation counting. Correction was made by subtracting the radioactivj 
at the origin of TLC plates from the blanks containing no acceptor. 



Table 5: Effect of Copolymers on the al,3/4-FT Activities 



Inhibition of FT Activity (%) 



copolymer enzyme source al3 ai.4 



3-$ulfoGal^ 1 .3GlcNAc;?-0- Al/AA-Cn> 








(62.5 ><M) 


Colo 205 


56.1 


90.4 




cloned FT HI (Lewis type) 


ND- 


84.3 




HL60 


0 


3-sulfoGa^ 1 ,4GlcNAc^-0- Al/AA-CP 








(62.5 /iM) 


Colo 205 


54.6 


0 




cloned FT m (Lewis type) 


ND 


0 




HL60 


0 





* ND. not determined. 



activity (23%— 37%) was observed with 3'-suIfoLacNAc. 
C^4LN and HL60 FTs were active to a very small extent 
with 6'-sulfoLacNAc)5-6>-Me (3% and 8%. respectively), 
whereas no activity was observable with 3'-sialyl-6'-sul- 
foLacNAc^-O-Me. and 2'-fucosyl-6'-suIfoIactose. 

Both CMLN and HL60 showed more than 2-fold activity 
with 3-sulfoGal^l.4GIcNAc^l.6(Gal^U3X5alNAca-0-Bn as 
compared to 3-sulfoGal^l ,4GlcNAc. As compared to their 
activities with Gal/5l.4GIcNAc^l.6(Gal)9i,3)GaINAca-0- 
Bn, GMLN and HL60 also showed an almost equal amount 
of activity with Gal^l,4GIcNAc^l,6(3-sulfoGal;8l.3)Gal- 
NAca-O-Bn, indicating that the termination of the ^1.3 
branch docs not inhibit the activity of al,3-FTs of CMLN 
and HL 60 on the other branch. 

Acceptor ySulfoLacNAcfi-O AI/AA'CP in Conjunction 
with T-FucosylLacNAcfi'O'pNP Serves as a Tool in Dif- 
ferentiation of CLl,3'i,-Fucosyitransferases. (Sec Table 4.) 
A substantial difference was noticed in each case between 
the al,3-L-FT activities measured by 2'-fucosylLacNAcy3- 
O-pNP and the copolymer. When the ratio of the activities 
measured by the two acceptors was calculated for each case 
and the resulting values were compared, it was found that 
the al,3-FT of Colo 205 differs markedly from die other 
ai.3-FTs. Further, the al,3-FT of calf mesenteric lymph 
node also differed substantially from the al,3-FTs of HL 
60. B 1 42, and breast and ovarian tumors. 

Effect of Acrylamide Copolymers Containing either 
3'SulfoGaipi,3GlcNAcp' or 3-SulfoGalp L4GlcNAcP' Units 
on al.J-Fucosyltransferase Activities. (See Table 5.) When 
al.3- and al,4-FT activities of Colo 205 were measured in 
the presence of increasing concentrations of 3-sulfoGal- 
^l,4GIcNAc/3-C>-Al/AA-CP. using the Gal)?U4GIcNAc^-0- 
Al and Gal^l.3GlcNAc^-C>-AI acceptors (see Figure 1), 
inhibition of the al.3-FT activity and not the ai,4-FT 
activity was noticed; a maximum inhibition of about 50% 



was reached at the minimum concentration of 25 /<M of th 
copolymer. When al,3- and al,4-Fr activities of Colo 20: 
were measured in the presence of increasing concentration: 
of 3-sulfoGal;9l.3GlcNAc^-0-AI/AA-CP, using the Fuc 
aL2GaI^I,4GlcNAc^a-pNP and Fucal^GaI^I,3GlcNAc^ 
O-pNP acceptors, inhibition of both a 1,3- and al,4-Fl 
activities were seen. At 25 /iM of this copolymer, --509( 
inhibition (the maximum attainable) of this aU3-FT activity 
and 75% inhibition of the al,4-FT activity were reached; : 
maximum inhibition (90%) of the al,4-FT activity wa^ 
possible at 75 of this copolymer. K, values obtainec 
from Lineweaver-Burkc plots were (a) 1.8 /iM for the 
inhibition of Colo 205 al,3-FT activity by 3-sulfoGal* 
>?l,4GlcNAc;3-0-Al/AA-CP, (b) 4.2 /<M for the inhibitior 
of Colo 205 al.3-Fr activity by 3-suIfoGal/3l,3GIcNAc/9 
O-Al/AA-CP, and (c) 7.4 //M for the inhibition of Colo 20f 
al,4-FT activity by 3-sulfoGaI^1.3GlcNAc^-0-Al/AA-CP. 

When al,3-Fr activity of HL60 was measured in the 
presence of increasing concentrations of the copolymers, 
namely, 3-sulfoGal^l,3GlcNAc^-0«AI/AA-CP or 3-sulfo 
Gal/3l,4GlcNAc^-0-Al/AA-Cl> (see Figure 2). no inhibitior 
of this activity was seen with both copolymers using Gal- 
^I.4GlcNAc/5 O-Al as the acceptor. 

When al,4-FT activity of the cloned enzyme FT III was 
measured in the presence of the above copolymers using 
Gal/3 l,3GlcNAc/9-0-Al as the acceptor, the copolymet 
3-sulfoGa!/Sl,4GlcNAc^-0-Al/AA did not inhibit the 
al.4-Fr activity. In fact, there was a small amount of 
stimulation of this activity with an increase in the copolymer 
concentration. On the other hand, a gradual decrease in al ,4- 
FT activity was noticed with the other copolymer, 3-su!fo- 
Gal/3 l,3G!cNAc^-0-Al/AA-CP. Inhibition reached 56.9% 
at 12.5 /iM and. 84.3% at 62.5 /xM concentrations of this 
copolymer. for this inhibition was found to be 13.9 ^M. 
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of FT m a.:4-Fr ac.ivi.rbJT^^W^VG.rNUo^^^^^ 

horhT"'^-TS"^J ^' <'^4> ^^P°««^ «he expression of 
boih Fuc-T IV and Fuc-T Vn in myeloid lineage cells, and 
they also identified the 3'-sialyl type 2 structure as an 

S^l'Tm^^'^oT/^"' ''"'^■'^ "^"^ °''3-FT"s present in 
CMLN. HL60. B 142. and EKVX were shown in the present 
study to be exclusively active with type 2 acceptors. These 
enzymes exhibited some activity toward NeuAca2 3Gal 
^1.4GlcNAc^-O.Bn (7%-13%). I. is known from seve^l 
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studies that 3'-sialyl type 2 does not serve as an accc 

that Fuc-T rv was least reactive with this structur= 
compared to its activity with 2'-fucosyl type 2. Thus 
results appear to be consistent with the fmdings of Sasa 

Sasaki et al. (1994) have shown that Fuc-T Vn does 
react w.th ncutn-.l type 2. Gal;?l.4GlcNAc^- structigj^j; 
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Fuc 1 .2Gal(i 1 .4(Fuca 1 .3)Gk:NAc|w 
(423%.470%^75%] 



Fucti ^Galp 1 .4GicNAqv. 



G«lp1.4<FuCa1.a)GlcNAcp- 
|K lh« coAoemrflion Qf this 

100% for Mch •nzymsl 



NcuAot2,3Ga<p1 ,4(Fijg. 1 .3)GlcNAq»- 
(46%.6%.a8%l I 

NeuAD>2.3Gafo1 .4Gk:NAqv- 



3.SulfoGaln1 .4GlcNAq^ 




Galp1>GlcNAqi- 



G-SulfoGalM .4GlcN Aqi- 



Ne\iAc.2.3<6-S<j(fo)Galt< 1 .4<Fuc. 1 .3)GIcNAq«. 
It%.0%.3<)<>1 j 

NeuA&.2.3(6-Suiro)Gal|<1 .4GlcNAqi. 



Gait 1 .3Gal(« 1 .4(Fuc. 1 .3)GlcN Aq«- 
(92%.t72%.456%l 



Gal. 1 .3Ga4|t 1 .4GlcN Apt- 



Galtt 1 .4(6-Su(fd)GlcNAqi- 



3-Su(foGaf Hi .4<Fuam1 .3)GlcNAqv 
[154%.37%.345%I 



e-SutfoGaio 1 .4(FuCa 1 .3)GlcN Aq*- 
f<1%.1%.3%] 



Gain 1 .4<Fuc« 1 ,3M6- Sulfo>GlcN Aci^. 
(19%.62%.47%] 



FuQi 1 .2Galp 1 .4<FuC(i 1 .3)Glc 
P11%.0%.188%) 



Fuca 1 .2(6-Sulfo)Gaip 1 .4(FiiCa 1 .3)Glc 
{<1'M>.<1%.1%) I 

FuCa 1 .2(6-Sutfo)Galp t .4Glc 



3-SuifeGa<n1,4(Fuoc 1 .3)GIcNAqi 1 .6(GaI|t1 .3)GalNAo. 
(104%.249%.358%] ^ 

S-SuMbGalpI .4GlcNAci»1.6(Gal|i1 .3)GalNA&.. 



FuCa 1 ^Gatp 1 .400 



Gai0l.4Gk: 



6.Sutf6Galp1.4Glc 



Galp 1 .4(Fuo> 1 .3)GteN Aq» 1 .6(3-SolfeGal|i 1 .3)Ga(NAot. 
|19%.345%.55%| 



I 



Galp 1 .4G*cNAcn 1 .6(3.SolfoGalti 1 .3)GalNAoi- 
FiGURE 3: Specificities ofthe cloned enzymes FT HI (Lewis type), FT IV (myeloid type), and FT V (plasma type) toward blood group type 
2 chain-based stnictures (The amount of product formed from each compound tested as the acceptor is shown in parentheses as the percent 
of the activity with the basic structure Gal)?1.4GIcNAc>3-; the three values in the order shown in parentheses are obtained for FT m FT 
rv, and FT V, respectively). 



activity measured in CMLN, HL60. B142. and EKVX with 
neutral type 2 acceptors must be attributed to Fuc-T IV. We 
find that the activities shown by the above FTs with Fuc- 
aK2Gal/3l,4GlcNAc^-0-pNP and GaIaI,3Gal/?l,4GlcNAc/?- 
O-Bn were almost the same in each case. These results 
would indicate that Fuc-T is capable of forming Lewis y as 
well as 3'-a-gaIactosyl Lewis x at the same rate. 

Assuming from the available evidence that Fuc-T IV reacts 
with neutral type 2 and Fuc-T VIT with 3'-sialyl type 2, a 
structure such as 3'-sulfoLacNAc. which is similar to 3'- 
sialylLacNAc, is expected to serve as an efficient substrate 
for Fuc-T VII and not for Fuc-T IV. We also found that 
with 3'-sulfoLacNAc Fuc-T IV is only 37% active as 
compared to its 470% activity shown with 2'-fucosy!Lac- 
NAc^-O-pNP. On the contrary, the high activity shown by 
Fuc-T rv toward 3-sulfoGal^l,4GlcNAc/9l,6(Galy5l,3)- 
GalNAca-O-Bn would suggest that the enzyme affinity for 
a particular structure is greatly influenced by the neighboring 
sugars. 

Sasaki et al. found Fuc-T III (Lewis-type). Fuc-T IV 
(myeloid-type) and Fuc-T VI (plasma-type) to be expressed 
at a significant level in Colo 205 in ratios of 2.0:0.2:1.1, 
respectively. They also found levels of Fuc-T IV and Fuc-T 
VII (3'-sialylLacNAc. an exclusive substrate) in HL60 in a 
ratio of 1.3:0.8. The absence of Fuc-T III and the presence 
of Fuc-T VII in HL 60 are also evident from the present 
study which demonstrated the absence of al,4-FT activity 
and the presence of al,3-FT acting on 3'-sialylLacNAc in 
HL60. We have shown in an earlier study the occurrence 
of both Lewis type and plasma type FTs in Colo 205 by 



separating the two enzymes through affinity and gel filtration 
columns (Chandrasekaran et aL, 1995). The present study 
has shown the unique ability of Colo 205 FT to use the 
copolymer 3'-sulfoLacNAc^-0-Al/AA-CP as an acceptor. 
When it was tested as a competitive inhibitor, this copolymer 
inhibited the al,3-FT activity of Colo 205 to a great extent 
but did not inhibit HL60 al,3-FT. Funher, this acceptor 
was not able to inhibit the al,4-FT activity of Colo 205 
which has inherent al,3-FT activity. These results indicate 
the usefulness of this copolymer as an acceptor and as a 
competitive inhibitor for identifying Fuc-T VI (plasma type) 
in tissues and cell lines. 

The activities of FT III, FT IV, and FT V toward blood 
group type 2>based compounds as well as the activity of FT 
m toward blood group type 1 -based compounds are depicted 
in Figures 3 and 4, respectively. For each enzyme the 
concentration of the product formed from various acceptors 
is depicted as the percentage of product arising from basic 
type I (Gal^l,3GlcNAc;3-) or type 2 (Gal/3l,4GlcNAc)5-). 
This is also indicated in the figures. These illustrations 
would enable one to understand the intricate specificities of 
these enzymes through a direct comparison of their activities 
with each compound tested as an acceptor and also by a 
comparison ofthe activities of each enzyme toward different 
acceptors. Several unique differences in the specificities of 
these enzymes were noticeable as listed below: 

(A) The participation of FT V is extremely .shifted toward 
the formation of Lewis y (2075%) and 3'-a-galactosyl Lewis 
X (458%) as compared to the formation of Lewis x (1(X)%). 
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^ (B) Both FT m and FT V arc quite efficient in synthesizing 
3'-siaIyI Lewis x (46% and 88%, respectively), but they show 
higher eHiciency in forming 3'-sulfo Lewis x (154% and 
345%, respectively), 

(C) All three enzymes catalyze the fonnation of 6-sulfo 
Lewis X, but FT IV appears to be the most efficient (62%). 

(D) It is noteworthy that the biosynthesis of either 6'-0- 
sulfo Lewis X or 3'-sialyl.6'-0-sulfo Lewis x from their 
immediate precursors does not seem to be catalyzed by these 
FTs. The latter structure occurs as a part of the carbohydrate 
moiety in GLYCAM-I (Hemmerich et aL, 1995), and on the 
basis of our observations sulfation appears to be the last step 
in its synthesis (Chandrasekaran et al., 1995). 

(E) Both FTm and FT V are highly efTicient in converting 
2'-fucosyllactose to 2'-fucosyl-3-fucosyllactose (311% and 
188%, respectively), but all three enzymes do not form T- 
fucosyl-6'-sulfo-3-fucosyl lactose from the immediate pre- 
cursor, 

(F) FT TV appears to be unique in showing vast preference 
for forming 3'-suIfo Lewir. x (249%) as well as Lewis x 
(345%), where the precursor structures occur as part of a 
mucin type chain. 

(G) The activities of FTm and FT V with the basic type 
1 are —7 times and 0.5 times those of the basic type 2, 
respectively, whereas FT TV is almost inactive with type \. 

(H) The acceptor activity of H-type 1 with FT 111 is not 
greater than that of the basic type 1, whereas the formation 
of 3'-a-galactosyl Lewis x is nearly twice. 

CO The most interesting finding is the facile synthesis of 
Gal/ri.3CFucal.4)(NeuAca2,6)GlcNAcy9- from Gali9i 3- 
(NeuAca2,6)GlcNAcy3- by FT m (40%). 

(J) Either C-6 sulfation or C-6 sialylation of Gal in type 
I leads to almost complete loss of acceptor activity toward 
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(K) On C-3 sulfation of Gal or C-6 sulfation of C 
in t>'pc 1, the acceptor activities became 106% an. 
rcsjjcctively. toward FT m. 

Thus, the above findings on the specifictties o 
enzymes would serve as a sound basis to explain the « 
role of these enzymes in the expression of biolo 
relevant carbohydrate ligands and antigenic detenr 
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